DOCUMENT RESUME 



ED 433 882 



JC 990 596 



TITLE 



INSTITUTION 

PUB DATE 
NOTE 

AVAILABLE FROM 

PUB TYPE 
EDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



Shaping the Future. Volume II: Perspectives on Undergraduate 
Education in Science, Mathematics, Engineering, and 
Technology. 

National Science Foundation, Washington, DC. Directorate for 
Education and Human Resources. 

1998-08-00 

381p. ; For the first report, see ED 404 158. 

National Science Foundation. Tel: 703-306-1234; e-mail: 
pubs@nsf.gov. For full text: <http://www.nsf.gov>. 

Reports - Descriptive (141) 

MF01/PC16 Plus Postage. 

Educational Change; *Engineering Education; Followup 
Studies; Higher Education; *Mathematics Education; 
Professional Associations; Program Implementation; *Science 
Education; *Technology Education; *Undergraduate Study 
National Science Foundation 



ABSTRACT 



This is a companion study to "Shaping the Future: New 
Expectations for Undergraduate Education in Science, Math, Engineering, and 
Technology (SMET) " (NSF 96-139) . Both the original report and Volume 2 focus 
on a collaborative approach to developing and implementing strategies to 
improve undergraduate SMET education. The reports, compiled by the Advisory 
Committee to the National Science Foundation (NSF) Directorate for Education 
and Human Resources, are designed to apply to both two-year and four-year 
institutions. Volume responds to the discussion and activity generated by 
the original report by providing a resource that more completely explores 
SMET undergraduate education issues. The editors of the report allowed the 
authors to express their views and present data with minimal editorial 
revision or comment. The report contains seven sections: (1) Activities in 

the Reform of Undergraduate Education Since Volume 1 of "Shaping the Future"; 
(2) Program History of Undergraduate Activities at NSF Since the Neal Report 
(NS8-86-100) ; (3) Written Remarks Contributed as Part of the EHR Advisory 

Committee Public Hearings on Undergraduate SME&T Education (including 
community college administrators) ; (4) Findings from the Focus Groups 

Conducted During the Review of Undergraduate Education; (5) Background Data 
and Information Influencing the Conclusions and Recommendations of "Shaping 
the Future" by Staff of the Division of Undergraduate Education; (6) 
Contributors to the EHR Advisory Committee; and (7) the Bibliography (18 
pages) . (RDG) 



★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★★ 

* Reproductions supplied by EDRS are the best that can be made 

* from the original document. 



JjC^‘S'oS'7^ 



Shaping the Future 



Volume II: Perspectives on Undergraduate Education 
in Science, Mathematics, Engineering, and Technology 



Contributions to the 
Review of Undergraduate Education 

by the 

Advisory Committee 
to the 

National Science Foundation 
Directorate for Education and Human Resources 



U.S. DEPARTMENT OF EDUCATION 

NATIONAL INSTITUTE OF EDUCATION 
EDUCATIONAL RESOURCES INFORMATION 
CENTER (ERIC) 

□ This document has been reproduced as 
received from the person or organization 
originating it. 

□ Minor changes have been made to improve 
reproduction quality. 

• Points of view or opinions stated in this docu- 
ment do not necessarily represent official NIE 
position or policy. 



BEST COPY AVAILABLE 



o 

ERIC 



2 



Notices of Disclaimer 



} 



1 . This publication is a companion volume to the report Shaping the Future: New Expectations for Undergraduate 
Education in Science, Mathematics, Engineering, and Technology (NSF 96-139) and its stand-alone Executive 
Summary (NSF 96-141), published by the National Science Foundation in 1996. The views, opinions, and 
recommendations expressed in this report are those of participants in the Review of Undergraduate Education, 
the ‘"National Year of Dialogue” and the Advisory Committee to NSF^ Directorate for Education and Human 
Resources; they do not necessarily represent the official views, opinions, or policy of the Foundation. 

2. As employed in the text of the report, the pronouns we, owr, and us refer alternatively to the general population, 
the academic community at large, or those segments of either with special interest in undergraduate education in 
science, mathematics, engineering, and technology, not to the National Science Foundation or to its 
representatives. 
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NATIONAL SCIENCE FOUNDATION 

OFFICE OF THE ASSISTANT DIRECTOR FOR EDUCATION AND HUMAN RESOURCES 

Review of Undergraduate Education in Science, Mathematics, Engineering and Technology 

June 1995 

Charge to the Subcommittee 

I appoint a Subcommittee of the Advisory Committee to the Directorate for Education and Human Resources 
(ACEHR) to conduct a Review of the state of undergraduate education in science, mathehfiatics, engineering, and 
technology (SME&T); to identify its recent successes and to point out both its needs and opportunities for its 
improvement. Members of the Subcommittee will be: Drs. Melvin George (chair), Sadie Bragg, Frederick 
Brooks, James Rosser, David Sanchez, and Carolyn Meyers (consultant). [Drs. Alfredo de los Santos, Jr., 
Denice Denton, Mary Lindquist, and Mr. Peter Gerber were later added to the membership of the 
Subcommittee.] 

The Subcommittee should consider the needs of all undergraduates attending all types of U.S. two- and four-year 
colleges and universities that provide undergraduate education in science, mathematics, engineering, and 
technology. In particular, the review should address issues of preparation of K-12 teachers in these fields, the 
needs of persons going into the technical work force, the preparation of majors in these areas, and the issue of 
science literacy for all. The review should cover the full range of general issues in undergraduate education — 
curriculum, educational technology, pedagogy (including the degree to which student learning is infused with 
research), institutional practices and the need for comprehensive reform, and key student transitions between 
levels of education (from high school, between undergraduate institutions, and to graduate school) and from 
undergraduate studies to employment. The review should draw upon a full range of constituent groups having a 
stake in undergraduate education — students, parents, faculty, administrators, scientific societies, accrediting 
groups, employers, and state and local education officials. The Subcommittee is requested to develop a schedule 
of draft reports and activities leading to a Final Report. 

The Final Report should be action oriented, recommending ways to improve undergraduate education in science, 
mathematics, engineering, and technology for all students in all types of colleges and universities. 
Recommendations should be directed not Just to NSF but, as appropriate, to mission-oriented Federal agencies, 
business and industry, academic institutions and their faculties and adminis trations, professional societies, 
private sector organizations, state and local government, and to other stakeholders in undergraduate education. 
The recommendations should reflect an assessment of accomplishments during the recent past [i.e., those 
following completion of the National Science Board study Undergraduate Science, Mathematics and 
Engineering Education (NSB 86-100, 1986)] and be based on the comments and ideas submitted by individuals 
and groups during the course of the Review and on findings and analysis by the Subcommittee. The Report 
should consider carefully future roles for sponsors of educational improvements and the nature of their efforts to 
improve undergraduate education. In particular, guidance is sought for the National Science Foundation 
regarding its support of innovation in educational practice through a portfolio of programs ranging from 
sponsorship of individual investigator-led efforts to catalysis of institutional programs of comprehensive change 
and covering the full range of educational settings. 

I ask that the Subcommittee complete and transmit its Report to me by March 1996. Thereafter, the Report will 
be submitted to the full ACEHR for its comment and approval and, when that is obtained, will be submitted to 
the NSF Director and to the Director^ Policy Group for approval as a NSF Report. 

Luther S. Williams 
Assistant Director 
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Introduction to the Second Volume 



This is a companion volume io Shaping the Future: New Expectations for Undergraduate Education in 
Science, Mathematics, Engineering, and Technology 96-139), the 1996 report of the Advisory 
Committee on Undergraduate Education to the National Science Foundation’s Directorate for Education 
and Human Resources. For this supplement, we have selected the materials that helped to initiate the 
discussion and debate of the review, and provided the framework for the Recommendations presented in the 
first volume of Shaping the Future. 

No single document could purport to fully represent the breadth and depth of the expansive and 
complicated endeavor of higher education and its reform. While the EHR Advisory Committee did a 
formidable job of soliciting broad-based community opinion, synthesizing the issues facing contemporary 
undergraduate education, and summarizing this process in its report to NSF, the material presented in this 
second volume provides an essential resource for anyone wishing to explore these issues more completely, 
without the benefit of interpretation or distillation. To this end, we have made every effort to allow these 
authors to express their views in their own words and present references and data without undue editorial 
revision or comment. 

The review of undergraduate education and ih^Shaping the Future report have already generated much 
discussion and activity in the U.S. education community. In recognition of this, the National Science 
Foundation has initiated its “NextSteps in Shaping the Future ’’campaign to capitalize upon this 
enthusiasm, coordinate regional efforts, and help guide discussion towards a national movement to achieve 
even greater excellence in higher education. We begin this volume with a summary of these ongoing, 
follow-up activities. 

Section II of this volume presents a detailed account of NSF programs in undergraduate education since 
NSB 86-100, Undergraduate Science, Mathematics and Engineering Education: Role for the National 
Science Foundation and Recommendations for Action by Other Sectors to Strengthen Collegiate 
Education and Pursue Excellence in the Next Generation of U.S. Leadership in Science and Technolog y 
the last substantive review of undergraduate education in this nation. Section III presents the written 
remarks contributed as part of the public hearings on undergraduate education held in October and 
November, 1995, as well as an overview of the Social Sciences workshop held in February, 1996. Section 
IV summarizes the series of national focus groups conducted by NSF in 1995 and 1996, while Section V 
presents data from a variety of sources that contributed many — but certainly not aH--essential facets to the 
overall analysis. 

Finally, no accounting of this remarkable, cooperative achievement would be complete without proper 
acknowledgment of the participants and contributors to this process (Section VI) and the benchmark 
publications upon which the current appraisal was founded (the References of Section VII). 

The National Science Foundation 
Division of Undergraduate Education 
Arlington, VA 
August, 1998 
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Section I: 



Activities in the Reform of Undergraduate Education 
Since Volume I of Shaping the Future 



Introduction 



During the review of undergraduate education by NSF Advisory Committee for Education and 
Human Resources, the deliberate process of acquiring information from a broad cross-section of 
the undergraduate community ensured a broad level of participation by many educators, 
administrators, employers, and students. This process occurred during April 1995 to June 1996, 
and culminated in three milestones in the summer of 1996: 

(1) the publication of the Committee b Shaping the Future: New Expectations for 

Undergraduate Education in Science Mathematics, Engineering, and Technology (NSF 96- 
139): 

(2) the publication of the National Research Council b reportFrow Analysis to Action: 
Undergraduate Education in Science, Mathematics, Engineering, and Technology (National 
Academy Press, 1996): and 

(3) a major conference in Washington DC to air key findings and recommendations in these 
reports, and to continue discussions about how to implement their recommendations. 

(“Shaping the Future: Strategies for Revitalizing Undergraduate Education,” held during July 
1 1-13, 1996). The proceedings of this Conference are available at NSF Division of 
Undergraduate Education Web site (http://www.ehr.nsf.gov/EHR/DUE/start.htm). 

It was the intent of the Committee from its inception to write a living report, stimulating an active 
and vigorous process of reviewing, debating, and improving undergraduate education in science, 
mathematics, engineering, and technology (SME&T) in all types of post-secondary institutions 
across our nation. This chapter reviews the types of activities the Division of Undergraduate 
Education (DUE) has undertaken with the undergraduate SME&T community following the July 
1 996, national conference on Shaping the Future. Additionally it provides a bibliography of 
studies, reports, and recommendations that have been published during the past several years on 
the same theme. Because these activities had been underway even before the summer of 1996, this 
overview extends from March 1996 through July 1997. 

Shaping the Future NextSteps 

The activities have the underlying similarity of engaging educators, academic administrators, and 
employers in discussions of methods to improve undergraduate education in SME&T. Generally, 
the efforts sponsored by DUE have identified and disseminated information about needs and 
opportunities to improve undergraduate student leaming-^articularly opportunities for developing 
effective teaching practices— ^nd overcoming barriers to the widespread adoption of these 
practices. 

The basic thrusts of these activities are: 

• promoting greater understanding, and identifying ways to improve student learning; 

• designing further improvements in courses and learning experiences to improve learning by all 
students; 

• supporting interdisciplinary course and curricula development work by faculty from different 
SME&T disciplines working collaboratively; 

• strengthening internal connections across departments (within all types of academic 
institutions) in support of improved undergraduate education for future teachers, and students 
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majoring in non-SME&T disciplines, and students preparing to enter technical fields and the 
professions; and 

• expanding links with SME&T “communities” (government agencies at all levels, schools, 
scientific societies, professional associations, policy makers, public interest groups, and 
employers): 

The Division of Undergraduate Education (DUE), assisted by members of the Advisory Committee 
for NSF Directorate for Education and Human Resources (EHR), has addressed the need for such 
improvements in a variety of ways. Some of these are: 

• Providing the full-time support of the Division Director (on assignment from the Division of 
Undergraduate Education) Dr. Robert Watson, to the task of disseminating important 
information to the national undergraduate SME&T community from November 1996, through 
November 1998. During this period he has been leading and participating in workshops at 
regional events and scientific and professional meetings. 

• Leveraging professional staff attendance at scientific and professional society meetings as 
occasions to disseminate findings and recommendations vShaping the Future. 

• Inviting academic institutions to host regional or local workshops in order tdiscuss and 
actively encourage faculty to participate in reform of undergraduate education in SME&T, 
with some logistical and financial support from NSF. 

• Encouraging scientific and professional societies to continue to address the issues raised in 
Shaping the Future. 

• Suggesting that NSF grantees participate in these same types of outreach efforts on their own 
or jointly with NSF program directors. 

• Incorporating principles enunciated vaShaping the Future in the DUE Program 
Announcement, and seeking to evolve our programs in directions considered to be most fruitful 
to further the recommendations oiShaping the Future. 

• Forming an alliance with major corporations and foundations through a Memorandum of 
Understanding, with the purpose of seeking their advice, counsel, and support. 

• Continuing to fund the Institution- wide Reform initiative through FY 98. 

• Emphasizing in all DUE programs the need to educataz// students, especially those preparing 
to be teachers or to join the technical workforce armed with greater flexibility and enhanced 
skills. 

External Assignment of Dr. Robert Watson 

A key feature of the past several years is that these objectives are being pursued not only 
programmatically through NSF^ competitive grant process, but also through extensive outreach 
activities by NSF/DUE program officers and principal investigators. The external assignment of 
Dr. Robert Watson, Division Director (on assignment) from the NSF Division of Undergraduate 
Education, has provided many professional groups assistance in accomplishing the objectives of 
encouraging improvements and reform in undergraduate SME&T education at the national level. 



• 6 • 



16 



Dr. Watson accepted a two-year special assignment during the period November 1996, to 
November 1998: as visiting scholar at The American University in Washington, DC (where he is 
serving as Scientist-in-Residence) and at the National Research Council, where he is working with 
the leadership of colleges, universities, education associations, scientific and professional 
organizations, and with groups representing employers of college graduates (business, industry, 
school systems, and governments). 

The primary purpose of this assignment has been to inform, encourage, and assist colleges and 
universities to implement key national improvements that have been developed, and to engage them 
actively and comprehensively in the reform of undergraduate SME&T education. The principal 
blueprint for these goals is the report of the EHR Advisory Committee^/za/?mg the Future: New 
Expectations for Undergraduate Education in Science, Mathematics, Engineering, and 
Technology (NSF 96-139), however other reports — notably the National Research Council From 
Analysis to Action: Undergraduate Education in Science, Mathematics, Engineering, and 
Technology — ^and materials from NSF-supported projects and programs also are providing 
valuable examples and information about ways to achieve successful reform. 

A key strategy has been to engage scientific societies, professional associations, and educational 
associations in order to take advantage of their wisdom, and the great leverage and access that they 
have to many sectors concerned with undergraduate education. Dr. Watson has been engaged in 
doing this both directly and collaboratively with the assistance of NSF professional staff and 
members of the advisory committee to NSFfe Directorate for Education and Human Resources 
responsible for writing \h&Shaping the Future report. 

The recommendations of hoih Shaping the Future and From Analysis to Action have been 
discussed and presented in large national and regional meetings sponsored by these associations 
and societies, and also in planning sessions with their leadership. Increasingly, these societies are 
themselves publicizing the Future and sending copies of the report to their membership 
and to others with a stake in improving undergraduate education. Members of the societies and 
associations are expressing interest in hosting regional workshops at their campuses. 

Campus-based regional workshops utilizing the report to directly promote reform serve as a second 
emerging mechanism. These workshops typically involve teams from institutions coming together 
to learn of national trends, of the work that others are doing, to share such information, and to 
develop their own plans. 

As word of these activities has spread, individuals have requested advice and assistance at an 
increasing rate in their own efforts to improve SME&T undergraduate education. In most cases 
these are not inquiries about potential NSF support, but rather, requests for help in identifying best 
practices, invitations to on-campus or in-state promotion of education reform, and nomination of 
others to provide this type of assistance. As one example of this, a university leader called to ask 
for advice and assistance on the proposal that they are preparing for submission to the legislature. 

Regional Workshops for "Shaping the Future" 

The regional versions of NSFfe July 1996 “Shaping the Future” conference are particularly 
noteworthy. The purpose of these regional workshops is to: 

• facilitate specific regional and institutional plans to achieve widespread improvements in 
undergraduate education; and 
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• provide information to faculty and administrators on NSF programs and national activities to 
support undergraduate education reform. 

The design of these workshops is determined by what is considered most effective by the host 
institutions with respect to their unique circumstances. The planning of these workshops generally 
embraces the following features: 

• participation of institutional teams, representing faculty, administration, students, and business 
partners; 

• significant involvement of employers of undergraduates; 

• participation of public policy makers to engender public support for undergraduate education; 

• development of institutional plans for reform of undergraduate education; 

• exhibits of innovations in undergraduate education; and 

• sessions to assist participants in developing projects and proposals. 



Institutions have been encouraged to seek other academic hosts to share in the planning and design 
of regional workshops. Follow-up activities for the participants are also expected to be an 
important part of the workshop planning. 

Strengthening Participation by Corporations and Foundations 

During the last several years, NSF has strengthened efforts to increase participation by members of 
the business and foundation community in undergraduate education reform. A Memorandum of 
Understanding, representing commitment to cooperation for revitalization of the nation^ 
undergraduate education has been crafted for this purpose. It reads: 

In these rapidly changing times, the demands placed on the educational 
infrastructure of the nation, at all levels, are enormous and growing. This pace 
of change will continue to encourage cooperative relationships between all of 
those involved in, and all those who provide support for, the undergraduate 
education enterprise in the nation. 

We, the undersigned, are committed to nurturing the evolution of the highest 
quality undergraduate science, mathematics, engineering, and technology 
(SME&T) education, and to catalyzing working relationships between all parties 
involved in its delivery, and its support. Towards this goal we intend to 
cooperate with our colleagues in other private, government or industry oriented 
funding organizations that support undergraduate education in the nation. We 
intend to share information about our funding plans and funding profiles, to work 
towards common and complete assessment of our funded projects, to encourage 
the widest possible dissemination of project results, and, when appropriate, to 
support these projects through cost sharing partnerships. We intend to meet as a 
group periodically to share successes and to cooperate in developing national 
strategies in education. Through cooperation, we intend to amplify the impact of 
our individual efforts. 



As of August 1997, the following signatories have joined this alliance: 

Lockheed Martin 
Lucent Technologies 
Microsoft Corporation 
Motorola 

Pew Science Program 
Shodor Education Foundation 
Society of Manufacturing Engineers Education 
Foundation 

Stratagene Cloning Systems 
Technology Assessment and Transfer, Inc. 

Texas Instruments 
Toyota 

Wolfram Research 

Working Through Scientific Societies and Professional Associations 

Scientific societies, professional associations, and associations of colleges and universities are key 
to effective dissemination of the recommendations oEhaping the Future. Consequently, one of 
the key focal points of the “Shaping the Future NextSteps” campaign has been to reach these 
organizations through the active assistance of Dr. Robert Watson and members of the Advisory 
Committee for Education and Human Resources at NSF. 

The following organizations have participated in or otherwise sponsored activities in the reform of 
undergraduate education through the NextSteps campaign: 

Accreditation Board for Engineering & Technology Inc. (ABET) 

Affiliated Colleges & Universities Office (ACUO) 

American Association for the Advancement of Science (AAAS) 

American Association of Community Colleges (AACC) 

American Association for Higher Education (AAHE) 

American Association of Physics Teachers (AAPT) 

American Association of State Colleges & Universities (AASCU) 

American Chemical Society (ACS) 

American Council on Education (ACE) 

American Geophysical Union (AGU) 

American Institute of Physics (AIP) 

American Mathematical Society (AMS) 

American Physical Society (APS) 

American Society for Biochemistry and Molecular Biology (ASBMB) 

American Society for Engineering Education (ASEE) 

Association of Community College Trustees 
Association for Women in Science (AWS) 

Consortium of Social Science Associations (COSSA) 

Council of Colleges of Arts & Sciences (CCAS) 

Council on Competitiveness 

Council of Scientific Society Presidents 

Council on Undergraduate Research (CUR) 

Education Commission of the States (ECS) 



AirTouch Communications 
Bayer Corporation 
Bellcore 
Boeing 

Business-Higher Education Forum 

The Camille &. Henry Dreyfus Foundation, Inc. 

DuPont 

Exxon Education Foundation 
General Electric Fund 
Global Wireless Education Consortium 
Hewlett-Packard Company 
Howard Hughes Medical Institute 
International Business Machines 
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Institute of Electrical & Electronics Engineers (IEEE) 

Mathematical Association of America (MAA) 

National Academy of Sciences (NAS) 

National Research Council (NRC) 

National Association of State Universities and Land Grant Colleges (NASULGC) 

National Council for Accreditation of Teacher Education (NCATE) 

National Council for Resource Development (NCRD) 

National Science Teachers Association (NSTA) 

National Society of Black Engineers (NSBE) 

SEMATECH 

State Higher Education Executive Officers 
Sigma Xi 

Society for the Advancement of Chicanos and Native Americans in Science (SACNAS) 

Chronological List of Conferences Sponsoring Workshops & Presentations 
in Support of "Shaping the Future NextSteps" 

The following chronological list indicates many of the meetings, conferences, and workshops that 
have been employed by DUE staff to facilitate widening awareness and increased momentum 
towards improved undergraduate education in SME&T. Members of the Advisory Committee 
have often joined the DUE staff in these activities for Education and Human Resources. This list 
is not complete, but is representative of the breadth of activities undertaken. It extends back to 
March 1996, because by then many of the findings and recommendations o^haping the Future 
were being discussed in draft form, in advance of the report^ official release in July 1996. 

March, 1996 

• 1-3: Meeting of the Education Committee of the Geological Society of America (GSA), 
Boulder, CO 

• 21-23: “The Genetics Revolution: A Catalyst for Education and Public Policy, ”a meeting for 
community college faculty sponsored by American Association of Community Colleges 
(AACC), local colleges, and Exxon Education Foundation, Dallas, TX 

• 24-26: 2 1 f*' annual meeting of the American Chemical Society (ACS), New Orleans, LA 

April, 1996 

• 13-15: Annual meeting American Association of Community Colleges (AACC), Atlanta, GA 

• 16-18: Meeting of the Govemment-University-Industry Roundtable, Seattle, WA 

• 26: Special meeting (invited address) with a number of private firms, Phoenix, AZ 

May, 1996 

• 2-5: Annual Washington, DC joint meeting of the American Physical Society (APS) and the 
American Association of Physics Teachers (AAPT) 

• 7-10: International conference on Acoustics, Speech, & Signal Processing sponsored by the 
Institute for Electrical and Electronic Engineers (IEEE), and the Signal Processing Society, 
Atlanta, GA 

• 20-22: Spring meeting of the Geological Society of American (GSA), Baltimore, MD 

June, 1996 

• 1-6: Annual meeting of the American Society of Biochemistry and Molecular Biology 
(ASBMB), New Orleans, LA 
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13: Introductory Physics Reform Conference: An Undergraduate Faculty Enhancement (UFE) 
Project, Joliet, IL 

16-18: Conference on publishing strategies sponsored by DUE, Hampshire College, and 
Saunders Publishing Co., Amherst, MA 

27-28: The 6^ biennial national conference of the Council for Undergraduate Research (CUR), 
North Carolina Central University, Durham, NC 

30-July 5: Gordon Research Conference - Innovations in College Chemistry Teaching, 
Plymouth State College, NH 



July, 1996 

11-13: National conference. Shaping the Future: Strategies for Revitalizing Undergraduate 
Education, Washington, DC 

13-15: EHR annual Partnership Conference, Washington, DC 

27-30: Ajinual meeting of the American Society of Plant Physiologists (ASPP) and site visit to 
Trinity College, San Antonio, TX 

31- August 3: International Conference on Undergraduate Physics Education (ICUPE), 

College Park, MD 



August, 1996 

4-7: Biennial Conference on Chemical Education, Clemson University, SC 

4- 8: 47**^ Annual meeting of the American Institute of Biological Sciences (AIBS), Seattle, WA 

5- 10: Summer meeting of the American Association of Physics Teachers (AAPT), College 
Park, MD 



September, 1996 

25: Meeting of the Texas Association of Schools of Engineering Technology (TASET), Austin, 
TX 

28-29: Meeting of the American Society of Biochemistry and Molecular Biology (Human 
Resources Committee), Washington, DC 

October, 1996 

4: American Society for Engineering Education (ASEE) regional meeting, Fargo, ND 
7-8: Meeting of the National Visiting Committee for the University of Cincinnati - American 
Chemical Society (ACS) project “Advanced Technological Education in Chemical 
Technology,” Silver Bay, NY 

11-12: Annual meeting of Mathematical Sciences Department Chairs, Rosslyn, VA 
16-19: National Association of Biology Teachers (NABT), Charlotte, NC 
25-27: Project Kaleidoscope (PKAL) Workshop on Interdisciplinary Approaches to Teaching 
Science and Mathematics, Colby College, Waterville, ME 

30: American Association of Community Colleges (AACC) Task Force on Academic and 
Student Affairs, Arlington, VA 

3 1 -November 1 : Annual meeting of the Accreditation Board for Engineering Technology, Inc. 
(ABET), San Diego, CA 



November, 1996 

2: Mathematical Association of America (MAA), DelMarVa section, Frederick, MD 

3-5: Regional meeting of the American Society for Engineering Education (ASEE), Fargo, ND 

5-8: Institute of Electrical & Electronic Engineers (IEEE) meeting, Denver, CO 



• 6-9: 26^^ Annual meeting of “Frontiers in Education,” Salt Lake City, UT 

® 7: Annual joint meeting of the Alabama College Chemistry Teachers Association, Columbia, 

AL 

• 7-10: Mathematicians and Education Reform (MER) workshop on "Teacher Education and 
Mathematics Departments," University of Illinois at Chicago, IL 

• 8: Regional meeting. Issues in Gateway Chemistry Courses, University of Maryland, 
Baltimore County, Baltimore, MD 

• 8-10: Project Kaleidoscope (PKAL) workshop, “Revitalizing Undergraduate Biology,” 
Morehouse College, Atlanta, GA 

• 12: NSF Forum on Distance Learning, Washington, DC 

• 12-17: Meeting of the American Mathematical Association of Two-Year Colleges 
(AMATYC), Long Beach, CA 

• 13: Industry-University-Govemment Roundtable, Bethesda, MD 

• 14: American Chemical Society (ACS) meeting. University of Maryland, College Park, MD 

• 14: Annual meeting of the Council of Colleges of Arts and Sciences (CCAS) - Deans, 
Philadelphia, PA 

• 14-17: NSF sponsored Task Force on "Educating the Next Generation of Information 
Specialists," Omaha, NE 

• 15-17: "Spheres of Influence: Shaping the Future of Earth Systems Sciences Education" 
Meeting, American Geophysical Union (AGU) headquarters, Washington, DC 

• 21-22: Meeting of the Institute of Electrical & Electronic Engineers (IEEE) Computer Society 
Education Board, Pittsburgh, PA 

• 22-23: Workshop on the programs of DUE and key aspects of proposal preparation, Inter- 
American University, San Juan, PR 

December, 1996 

• 10: "Results of NSF Review of Undergraduate Science, Mathematics, Engineering and 
Technology (SME&T) Education," National Technological University (NTU) Faculty Forum 
(via live national satellite broadcast) 

• 1 5: Meeting with American Council on Education (ACE), Washington, DC 

• 28-30: Annual meeting of the Society for Integrative and Comparative Biology 

• American Association of Community Colleges (AACC) Presidents' workshop, Washington, 
DC 

• Annual meeting of the American Society of Cell Biology (ASCB), San Francisco, CA 

• National Council for Resource Development national conference, Washington, DC 

January, 1997 

• 4-10: Annual meeting of the American Association of Physics Teachers (AAPT), Phoenix, AZ 

• 7: SUMMA (Strengthening Undergraduate Minority Mathematics Achievement) meeting, San 
Diego, CA 

• 9-11: NextSteps presentation at the ^ annual meeting of the American Mathematical 
Association (AMA) and the Mathematical Association of America (MAA), San Diego, CA 

• 15-19: NextSteps presentation at the meetings of the American Association for Higher 
Education (AAHE), San Diego, CA 

• 28: Regional Shaping the Future workshop sponsored by the University of Washington and 
Bellevue Community College, Seattle, WA 
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• 30-February 2: Louisiana Collaborative for Excellence in Teacher Education regional 
workshop onShaping the Future, Baton Rouge, LA 

• 31 -February 1: Oakton Community College workshop ovShaping the Future, Oakton, CA 

• Joint annual meeting of Mathematics Societies, San Diego, CA 

February, 1997 

• 1-3: SEMATECH annual conference, Austin, TX 

• 9-15: American Society of Limnology and Oceanography (ASLO), Santa Fe, NM 

• 25: Annual meeting of the American Council on Education (ACE), Washington, DC 

• 26: Meeting with the executive officers of the American Physical Society (APS) and the 
American Association of Physics Teachers (AAPT), with the staff from the American Institute 
of Physics (AIP), College Park, MD 

• 28: Meeting of the American Psychological Association (APA), Washington, DC 

• 27-28: Annual meeting of the ACM Special Interest Group in Computer Science Education 
(SIGCSE) and the ACM 50th Anniversary, San Jose, CA 

• 27-28: Annual meeting of the National Visiting Committee of NSF Los Angeles Collaborative 
for Excellence in Teacher Preparation (LACTE), Los Angeles, CA 

March, 1997 

• 4: Meeting of the Federal Interagency Chemistry Representatives (FICR), Washington, DC 

• 6: National meeting of the Association for Practical and Professional Ethics, Alexandria, VA 

• 6-8: Annual conference of Sigma Xi, New Orleans, LA 

• 10-11: North Louisiana Research Conference, Louisiana Tech University, Ruston, LA 

• 13-19: Symposium, New Developments in Education in Analytical Chemistry, held at the 
Pittsburgh Conference’on Analytical Chemistry and Applied Spectroscopy, Atlanta, GA 

• 14: Workshop II of Curriculum Development in Analytical Sciences, Atlanta, GA 

• 14-16: Regional workshop ov\Shaping the Future, hosted by California State University at 
Los Angeles, Los Angeles, CA 

• 14-16: Alliances for Minority Participation (AMP) - Teacher Preparation meeting, Puerto Rico 

• 16-17: Meeting of the national conference steering committee for A National Urban Summit: 
Creating a Techno-Literate Workforce Through Major Policy Change - Forging 
Communication Among Business, Education, and Government for Strengthening Technical 
Skills Among Urban Students, Chicago, IL 

• 16-19: The Pittsburgh Conference on Analytical Chemistry and Applied Spectroscopy, 

Atlanta, GA 

• 23: Meeting with the Consortium for Social Science Associations (COSSA), Washington, DC 

• 27: Meeting with the Delaware Community College System, Dover, DE 

• 27-30: National Society of Black Engineers national conference, Washington, DC 

April, 1997 

• 7: Shaping the Future presentation at Washington & Lee University, Lexington, VA 

• 10: Shaping the Future presentation at University of California, Davis, CA 

• 1 1-12: The Council on Undergraduate Research (CUR) April Dialogue meeting: The 
Teaching-Research Connection, National Institutes of Health, Bethesda, MD 

• 1 1-12: The Modular CHEM and ChemLinks consortia pedagogy meeting, Berkeley, CA 

• 13-17: 213^ National meeting of the American Chemical Society (ACS), San Francisco, CA 
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• 17-18: Meeting of principal investigators and evaluators, Systemic Change in Chemistry 
Curriculum project, Menlo Park, CA 

• 18-19: Shaping the Future regional workshop, co-hosted by University of Missouri, Columbia, 
and St. Louis Community College, St. Louis, MO 

• 18-19: Spring meeting of the MD/DCA^A Section of the Mathematical Association of America 
(MAA), College of William and Mary, Williamsburg, VA 

• 1 8-2 1 : Joint annual meeting of the American Physical Society (APS) and the American 
Association of Physics Teachers (AAPT), Washington, DC 

• 20: Arizona State University faculty retreat, Tempe, AZ 

• 24-26: National Council for Resource Development (NCRD) Regional IV Conference, 
Savannah, GA 

• 24-27: Phi Theta Kappa International convention, Dallas, TX 

May, 1997 

• 8: Sigma Xi/A*DEC Town Meeting video conference oi&haping the Future, "Undergraduate 
Education to Meet Societal Needs in the 2f Century," Research Triangle Park, NC 

• 8-9: Regional workshop onShaping the Future, "Revitalizing Undergraduate Mathematics and 
Science Education: A National Dialogue," Michigan State University, East Lansing, MI 

• 8-9: Edu.Tech@Work97 Conference and Expo, Bellevue, WA 

• Meeting of the education board of the Association of Computing Machinery (ACM), Atlanta, 
GA 

• 10-11: Regional workshop onShaping the Future, "Revitalizing Undergraduate Mathematics 
and Science Education: A National Dialogue," The University of Michigan, Ann Arbor, MI 

• 16: Presentation to the North Carolina Community College System, "Leading the Nation: 
Opportunities for Two-Year Colleges," Smithfield, NC 

• 16-17: National Institute for Science Education (NISE) Workshop on Collaborative Learning, 
Madison, WI 

• 19-23: 96‘^ Annual meeting of the American Society for Microbiology (ASM), New Orleans, 
LA 

• 24-25: 1 1^^ International C. Elegans research conference, Madison, WI 

June, 1997 

• 5-7: Program workshop, NSF Collaborative for Excellence in Teacher Preparation (CETP) 
program, attended by 10 Collaboratives, California State University, Dominguez Hills, CA 

• 11-13: Meeting of Mathematics Across the Curriculum (MATC), Villanova University, 
Philadelphia, PA 

• 15-17: Annual meeting of the American Society for Engineering Education (ASEE), 
Milwaukee, WI 

• 18: Regional workshop onShaping the Future, Central Washington University, Ellensburg, 

WA 

• 20-21: 6‘^ Conference on the Teaching of Mathematics, Milwaukee, WI 

• 22-27: Unidata Workshop, Using Instructional Technologies and Satellite Data for College 
Level Education in the Atmospheric and Earth Sciences, sponsored by the University 
Corporation for Atmospheric Research (UCAR) and the National Center for Atmospheric 
Research (NCAR), University of Colorado, Boulder, CO 

• 30-July 2: McNU 97, Northwestern University, Evanston, IL 
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July, 1997 

• 10-12: 1997 Reunion of Research Opportunity Award (ROA) participants 

• 14-17: Annual meeting of the Society for Industrial and Applied Mathematics (SIAM), 
Stanford University, Palo Alto, CA 

• 1 9-20: Project Kaleidoscope (PKAL) workshop, Research-Rich Environments for 
Undergraduate Education, Washington, DC 

• Aimual meeting of the American Association of Medical Colleges, Washington, DC 

• 22: Presentation of Shaping the Future recommendations to reviewers at the annual NSF DUE 
panel reviews of proposals submitted to its Course and Curriculum Design (CCD) and 
Undergraduate Faculty Enhancement (UFE) programs, Arlington, VA 

• 24-26: 2"'* Association of Computing Machinery (ACM) International Conference on Digital 
Libraries, Philadelphia, PA 

• 29: Shaping the Future Workshop at Chautauqua Institute, Chautauqua, NY 

August, 1997 

• 23-28: ASBMB (American Society for Biochemistry and Molecular Biology) 
satellite meeting "2001 : Biochemistry Education for the Millennium," organized by the 
Human Resources Committee of the ASBMB, University of California at San Francisco, San 
Francisco, CA. 

September, 1997 

• 16: Symposium on "Shaping the Future of Undergraduate Education and The Role of 
University, Industry and Govenunent in the Development of Human Resources," The Inter- 
American University of Puerto Rico - Metropolitan Campus (lAU-M). 

October, 1997 

• 4-5: Project Kaleidoscope's annual workshop, "Reforming Earth and Planetary Science 
Curricula: What Works," Whitman College, Walla Walla, WA. 

• 8-11: The 1997 Convention of the NABT (National Association of Biology Teachers) 
overview of Shaping the Future, Minneapolis, MN. 

• 17: Workshop on "Shaping the Future: The Role of Two-Year Colleges" at the ACCT 
(Association of Community College Trustees) annual conference, Washington, DC. 

• 24 - 25: Regional Shaping the Future workshop hosted by DrexeUniversity, Philadelphia, PA. 

• 25-27: Geological Society of America, GSAfe Shaping the Future, Salt Lake City, UT. 

November, 1997 

• October 3 1 -Nov 2: Project Kaleidoscope Workshop on "Enhancing Learning-Centered 
Environments: The Biology of the Future," University of Wisconsin, Madison, WI. 

• 14: State of Maine Regional Follow-Up to Shaping the Future, Bates College, Lewiston, ME. 

December, 1997 

• 4: District of Columbia Section of the American Society of Mechanical Engineers, "Shaping 
the Future" and its implications for the mechanical engineering profession, Washington, DC. 

January, 1998 

• 4-8: Gordon Research Conference on Innovations in College Chemistry Teaching, Ventura, 
CA. 
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• 6-10: The annual joint meetings of the American MathematicaBociety (AMS) & 

Mathematical Association of America (MAA), Baltimore, MD. 

• 16-17: Workshop on the New Traditions Chemistry Initiative, Madison, WI 

• 22: Maryland Collaborative for Excellence in Teacher Preparation Workshop on "Shaping the 
Future of Mathematics and Science in Maryland," College Park, MD. 

February, 1998 

• 14-15: Shaping the Future Follow-Up Conference, hosted by Birmingham Southern College, 
Birmingham, AL. 

• 19-20: South Carolina Shaping the Future Conference, hosted by the UnivEsity of South 
Carolina, Columbia, SC. 

March, 1998 

• 20: A Regional Conference on "Transforming Undergraduate Education in SME&T," hosted 
by New Jersey Institute of Technology, Newark, NJ. 

April, 1998 

• 3-4: A Regional Shaping Conference, hosted by Notheastem University, Boston, MA. 

May, 1998 

• 1 : Meeting of the Governing Board of the Hispanic Asssociation of Colleges and Universities, 
Washington, DC. 

• 1-2: A Regional Conference "Shaping the Future with Core Curriculum Reform: Guiding 
Undergraduate Education in SME&T,” Colorado State University, Fort Collins, CO. 

• 6: Meeting of the Education and Human Resources Committee of the Semiconductor Industry 
Association (SIA), Washington, DC. 

• 8 - 9: A Shaping the Future Regional Conference, "FromDialogue to Action: Improving 
Instruction, Collaborations, and Partnerships in Mathematics and Science for All Students, A 
Workshop for Stakeholders in the Future of P-16 Education,” hosted by at Clark Atlanta 
University, Atlanta, GA. 

• 8-9: RegionalNew York Shaping the Future Conference, New York City, NY. 

• 11-13: The North Dakota planning conference, "Reforming Undergraduate Science 
and Mathematics Education," Bismark, ND. 



Bibliography of New Publications in Support of Shaping the Future of 
Undergraduate Education in Science, Mathematics, Engineering, and 
Technology 

A much longer bibliography of material that influenced the preparation of Volume 1 oShaping 
the Future: New Expectations for Undergraduate Education in Science, Mathematics, 
Engineering, and Technology (NSF 96-139) is available at the end of Volume 2. The following 
bibliography is provided as a separate listing of those published books and articles that appeared 
after the conclusions and recommendations of Volume 1 had been prepared. 

Paul E. Adams and Gerald H. Krockover, “Beginning Science Teacher Cognition and Its Origins in 
the Pre-service Secondary Science Teacher Program,”Jown 2 a/ of Research in Science 
Teaching, Vol. 34 (1997), p. 663. 




• 16 * 



26 



The Boyer Commission on Educating Undergraduates in the Research University, (Shirley Strum 
Kenny, Chair) "Reinventing Undergraduate Education: A Blueprint for America’s Research 
Universities," 15 May, 1998. Available from http://notes.cc.sunysb.edu/Pres/boyer.nsf 

Marvin Druger, “Preparing the Next Generation of College Science Teachers,’7owrna/ of College 
Science Teachings Vol. 26 (1997), p. 424. 

D. Fulker, S. Bates, and C. Jacobs, “Unidata: A Virtual Community Sharing Resources and 
Technological Infrastructure, of the American Meteorological Society, Vol. 73, 

No. 3 (1997). 

Jerry Bell and Alphonse Buccino (editor^ Seizing Opportunities: Collaborating for Excellence in 
Teacher Preparation (Washington, DC: American Association for Advancement of Science, 
1997). 

William E. Campbell and Karl A. Smith,Afew Paradigms for College Teaching (Edina, MN: 
Interaction Book Company, 1997). 

James Cooper and Pamela RohmsorVyAnnotated Bibliography of Science, Mathematics, 

Engineering, and Technology (SMET) Resources in Higher Education (Working Draft, 
California State University - Dominguez Hills, 1997). 

Gordon P. Eaton, “Re-Shaping America^ Earth Science Curriculum,” Geotimes, Vol. 40, No. 4 
(1995). 

S. C. Ehrmann, “Asking the Right Questions f Change, Vol. 27, No. 2 (1995), pp. 20-27. 

American Geophysical Union^crutiny of Undergraduate Geoscience Education: Is the Viability 
of the Geosciences in Jeopardy? (Washington, DC: American Geophysical Union, 1995). 

S.W. Gilbert, “Teaching, Learning, and Technology,” Change, Vol. 27, No. 2 (1995), pp. 47-52. 

J.D. Herron, The Chemistry Classroom: Formulas for Successful Teaching (Washington, DC: 
American Chemical Society, 1996). 

P. Hutchings, Making Teaching Community Property: A Menu for Peer Collaboration and Peer 
Review, American Association for Higher Education (AAHE), (Washington, DC: AAHE, 
1996). 

M. Frank Ireton, Cathryn Manduca, and David Mogk {tdxXors), Shaping the Future of 

Undergraduate Earth Science Education, Innovation and Change Using An Earth System 
Approach, Report of a workshop held November 14-17, 1996, convened by the American 
Geophysical Union in Cooperation with the Keck Geology Consortium (Washington, DC: 
American Geophysical Union, 1997). 

Kellogg Conunission on the Future of State and Land Grant Universities, see "National 
Association of State Universities and Land Grant College." 
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Susan Lenker, Nancy Cooley, Keith Nelson, and Richard St. Andre {Qd\iors)flxemplary 

Programs in Introductory College Mathematics: Innovative Programs Using Technology 
(INPUT), Summaries of the Winning Entries for the First INPUT awards competition 1996- 
97 (Central Michigan University and Corporation for Public Broadcasting, 1997). 

Heather MacDonald and Ann Bykerk-Kauffman, ‘‘Collaborative and Cooperative Activities for 
Teaching and Learning Geology )Uournal of Geoscience Education^ Vol. 43 (1995), p. 305. 

Eric Mazur, ConcepTests (Englewood Cliffs, NJ: Prentice-Hall, 1996). 

Eric Mazur, Peer Instruction (Upper Saddle River, NJ: Prentice-Hall, 1997). 

Susan B. Millar and B.B. Al^xandtr^Teacher Preparation in Science, Mathematics, Engineering, 
and Technology: Review and Analysis ofNSF Workshop, Nov. 6-8, 1994 (Madison, WI: 
National Institute of Science Education, 1996). 

James R. Mahoney {tdiior) .Improving Science, Mathematics, Engineering and Technology 

Instruction: Strategies for the Community College (Washington, DC: American Association 
of Community Colleges, Community College Press, 1996). 

Ann P. McNeal, “Collaboration in Physiology Courses: What Works?” Annual Meeting of the 

Professional Research Scientists on Experimental Biology 97, New Orleans, LA, April 6-9, 
1997, EASES Journal, Vol. 1 1, No. 3 (1997). 

and Charlene D'Avanzo (editors). Student-Active Science: Models of Innovation in 

Undergraduate Education (Philadelphia, PA: Saunders College Publishers, 1997). 

National Commission on Teaching & America's Twtme.What Matter's Most: Teaching for 
America's Future. 1996. 

National Association of State Universities and Land Grant Colleges (NASULGC), Kellogg 
Commission on the Future of State and Land Grant Grdwersities fieturning to Our Roots: 

The Student Experience (Washington, DC: NASULGC, April, 1997). 

Taking Charge of Change (Washington, DC: NASULGC, May, 1997). 

National Research CowneiX.Improving Teacher Preparation and Credentialing Consistent with 
the National Science Education Standards: Report of a Symposium held in February 1996 
(Washington, DC: National Academy of Sciences Press, November, 1996). 

The Preparation of Teachers of Mathematics: Considerations and Challenges: A Letter 
Report of the Mathematical Sciences Education Board. (Washington, DC: National 
Academy of Sciences, 1996). 

Commission on Geosciences, Environment, and Resources, Board on Earth Sciences and 
Resources, Rediscovering Geography Committee (Thomas Wilbanks, Cha^ Rediscovering 
Geography, New Relevance for Science and Society (Washington, DC: National Academy 
Press, 1997). 
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Committee on Undergraduate Science EdncationScience Teaching Reconsidered: A 
Handbook DC: National Academy Press, 1997). 

Committee on Undergraduate Science EducationCew^er for Science, Mathematics, and 
Engineering Education, Science Teacher Preparation in an Era of Standards-Based 
Reform (Washington, DC: National Academy of Sciences Press, 1997). 

Center for Science, Mathematics, and Engineering Education, Introducing the Science 
Education Standards (Washington, DC: National Academy of Sciences Press, 1997). 

Adviser, Teacher, Role Model, Friend: On Being a Mentor to Students in Science and 
Engineering (Washington DC: National Academy Press, 1997). 

A. Wayne Roberts (editor), “Calculus: The Dynamics of ChdingQf Mathematical Association of 
America (MAA) Notes, Number 39, (1996). 

Leonard Springer, Mary Elizabeth Stanne, and Samuel T>ono\di\xEffects of Cooperative Learning 
on Undergraduates in Science, Mathematics, Engineering, and Technology: A Meta- 
Analysis (Madison, WI: National Center for Science Education & Wisconsin Center for 
Educational Research, 1997). 

Tracey E. Sutherland and Charles C. Bonwell {y(\\ioxs)fJsing Active Learning in College 

Classes: A Range of Options for Faculty, New Directions for Teaching and Learnings No. 
67 (San Francisco, CA: Jossey-Bass, Fall, 1996). 

Alan Schoenfeld (editor), “Student Assessment in CdXcuhxsf Mathematical Association of 
America (MAA) Notes, Number 43, (1997). 

Melvin L. Silberman,v4c^/ve Learning: 101 Strategies to Teach Any Subject (Boston, MA: Allyn 
and Bacon, 1996). 
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Since the Neal Report (86-100) 
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As was noted in Shaping the Future: New Expectations for Undergraduate Education in Science, 
Mathematics, Engineering, and Technology (NSF 96-139), the report of the 1985-1986 Task Committee 
of the National Science Board (86-100) has been the principal guide for the restoration and evolution of 
NSF undergraduate education activities since its acceptance by the Board in March, 1986. Presented in 
this section is more detailed analysis of some aspects of the Foundation's efforts to implement the 1986 
report in the decade since. Small portions of text from Volume 1 oEhaping the Future are repeated here 
to aid the reader in recalling the framework. 

The numerous recommendations in the Board Report fell into two CdiX^gontsLeadership and Leveraged 
Program Support. 

Leadership 

The central leadership recommendation of the National Science Board Task Committee was that the Foundation 

^Develop quickly an appropriate administrative structure and mechanisms for the 
implementation of these recommendations. The focal point should be the [Education 
Directorate]; it should foster collaboration among all parts of the Foundation to achieve 
excellence in science, mathematics, and engineering education. " 

The Foundation established such a unit later in 1986. It has evolved into the present Division of Undergraduate 
Education (DUE) in the Directorate for Education and Human Resources (EHR). DUE staff of program officers 
is drawn from across the disciplines of science, mathematics, engineering, and technology. Many come from 
leadership positions in national organizations and from university faculties and administrations. Its programmatic 
offerings devote attention to the development and dissemination of innovative courses, curricula, and laboratories, 
as well as to the preparation and development of faculty, future preK-12 teachers, and technicians. Particular 
emphasis is placed on the translation of innovations among and between disciplines. 

The Board Task Committee made 1 1 other leadership recommendations to the Foundation. It urged NSF to: 

"(1) Take bold steps to establish itself in a position of leadership to advance and maintain the quality of 
undergraduate education in engineering, mathematics, and the sciences.'' 

NSF has clearly established the desired leadership position of the Foundation. Alhations of resources 
have been smaller than envisioned originally by the Board in some areas, but a little larger in others. 

"(2) Stimulate the states and the components of the private sector to increase their investments in the 
improvement of undergraduate science, engineering, and mathematics education." 
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Beginning in 1980 with thtExperimental Program to Stimulate Competitive Research (EPSCoR) and 
culminating with the establishment of ih^Rural Systemic Initiatives (RSI) program in 1997, the 
Foundation has fostered the creation of vigorous partnerships involving itself, individual states, and 
various private sector entities in substantial projects to improve research and education in mathematics, 
engineering, science, and technology. The emphasis has been on graduate and K-12 education, but 
articulation of school and college-level programming has been addressed by many of these projects. The 
partnership mode of project operation ranges in scope from adherence to matching funds requirements to 
the basing of projects in consortia and collaboratives. Examples of current undergraduate programs are 
ihQ Alliances for Minority Participation and Advanced Technological Education. 

**(3) Provide a forum for consideration of current issues related to such efforts. ** 

NSF has gone far beyond this directive by sponsoring workshops, symposia, and conferences on 
disciplinary, cross-disciplinary, and institutional aspects of undergraduate education. The reports of 
these gatherings circulate vvddely and are highly regarded resource documents. 

**(4) Implement new programs and expand existing ones for the ultimate benefit of students in all types of 
institutions. ** 

It was apparent to NSF from the start that the emphasis in this recommendation lay in the words?// 
types of institutions. Doctoral universities submitted the great majority of successful education 
proposals in 1985-1986; but by 1994, special efforts by NSF resulted in their number being at least 
matched by proposals from two-year colleges, four-year colleges, and comprehensive universities. NSF 
supports the development of a broad spectrum of educational products (from innovative texts and 
software to new courses and curricula) has helped expand and improve student learning nationwide. 

"(5) Actuate cooperative projects among two-year and four-year colleges and universities to improve their 
educational efficiency and effectiveness!^ 

The principal concern in this area in 1986 was particularly the Advanced Technological Education 
program, for improved articulation between two-year and four-year institutions. While NSF programs 
have recently fostered the establishment of consortia and other types of cooperative projects, they have 
long addressed broader objectives by including two-year college faculty and institutions in the full range 
of undergraduate programs. 

"(6) Stimulate and support a variety of efforts to improve public understanding of science and technology. ” 

NSF has strong commitments to K-12 and informal science education evidence direct concern fqiublic 
understanding. It is hoped that activities following upon the recommendations of this report will enhance 
efforts to address similar needs at the undergraduate level. 

”(7) Stimulate creative and productive activity in teaching and learning {and (8) conduct research on them), 
just as it does in basic disciplinary research. New funding will be required, but intrinsic cost differences are 
such that this result can be obtained with a smaller investment than is presently being made in basic research. ” 

The next section examines in detail the funding history of undergraduate activities at NSF. However, it 
is the case that the Division of Undergraduate Education allocates most of its resources quite directly to 
activities designed to improve teaching and learning. The Division of Engineering Education and 
Centers in the Directorate for Engineering and the Division of Experimental and Integrative Activities 
within the Directorate for Computer and Information Science and Engineering devote substantial 
portions of their budgets to undergraduate engineering education. Across the Foundation it is the scale 
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rather than the scope which needs expanding. Although EHR Division of Research, Evaluation, and 
Communication vigorously supports research on teaching and learning, a special effort within this 
division, as well as those previously mentioned, should be made to stimulate proposals for research on 
teaching and learning at the collegiate level. 

"(9) Bring its programming in the undergraduate education area into balance with its activities in the pre- 
college and graduate areas as quickly as possible.'' 

The balance sought by the Board Task Group was dual — programmatic and fiscal. Between FY 1983 
(when K-12 education was re-established at NSF) and FY 1986 (when the Board Committee made its 
recommendations), the main themes of NSF K-12 programs had become firmly established. While 
urging the restoration of a vigorous undergraduate program, the Committee wanted to ensure that it 
would be coordinated well with the Foundation’s activities at the K-12 level (which produced 
undergraduate students and employed graduated teachers) and at the graduate level (where the products 
of undergraduate institutions are further educated). 

NSF undergraduate programming in the Eduation Directorate was brought into that balance by three 
events: transfer of responsibility for Teacher Preparation from the Division of Elementary, Secondary, 
and Informal Education (ESIE) to DUE in 1993; establishment of the program in Advanced 
Technological Education in 1994; and start-up of the Institution-Wide Reform initiative, begun in 1995. 

"(10) Expand its efforts to increase the participation of women, minorities, and the physically handicapped in 
professional science, mathematics, and engineering" 

The Foundation as a whole has a good record of such efforts, and the record of the Directorate for 
Education and Human Resources (EHR) is especially good. In FY 1995, NSF allocated more than 3 
percent of its budget to programs, in both the education and research directorates, designed to address 
underrepresentation. While all divisions of EHR share responsibility for addressing NSF educational 
objectives in this area, the Division of Human Resource Development (HRD) has the programmatic lead 
and has mounted a variety of programs designed to increase participation of women, minorities and 
persons with disabilities. 

"(11) Design and implement an appropriate database activity concerning the qualitative and quantitative 
aspects of undergraduate education in mathematics, engineering, and the sciences to ensure flexibility in its 
response to changing national and disciplinary needs. ” 

NSF Division of Science Resources Studies has principal responsibility for such database activity. At 
the present time, some of the Undergraduate Science, Mathematics, Engineering, and Technology 
(SME&T) Education Database content envisioned by the Board Committees being built into Hhtlmpact 
Database of EHR's Division of Research, Evaluation, and Communication. 

Leveraged Program Support 

The FY 1995 NSF budget provided a very substantial sum for support of all but one (Information for Long- 
Range Planning) of the program categories detailed in the Neal Report. The total was actually in excess of the 
amount recommended for FY 1989 by the Report of the NSB Task Committee. In addition, NSF undergraduate 
support in FY1995 included programs in categories not mentioned in the Neal Rspor^acher Preparation and 
Advanced Technological Education). How well NSF has done by the Neal recommendations is a judgement that 
should reflect ten years of experience and hindsight; and it should be informed by comparison with the intent of 
the recommendations. 
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Introduction 

As some of you will know, I had the great pleasure of serving in President Clinton^ Administration from 
1993 until May of this year. One of the greatest pleasures I have experienced was working with the 
Director of the National Science Foundation, Dr. Neal Lane; the Director of the National Institutes of 
Health, Dr. Harold Varmus, co-Chairs of the President's National Science and Technology Council 
committee on Fundamental Science, and the other distinguished members of the committee. This 
committee played a lead role in the extensive bipartisan consultation with many interested scientists and 
other individuals who are concerned about our nation's readiness to face the challenges of the fast paced, 
technologically dependent global workplace of the 21st century. 

To help all Americans understand what was at stake and to articulate to the American public the 
importance of investing in science, technology, and education. President Clinton and Vice President Gore 
released, in August 1994, a statement entitled in the National Interest. Science in the National 

Interest provides an important articulation to the American people why it is that the government must 
continue to invest in scientific discovery, scientific leaders, science education, and the development of a 
scientifically literate public. 

Many statements from a variety of organizations and from previous administrations have stressed the 
importance to the Nation of investing in research. Other statements have stressed the importance of 
education to our future but few, if any have clearly connected the importance of science education, 
science literacy, research, and our economic security. 

If you read Science in the National Interest, you will note that this is not an esoteric document. Rather, it 
is about people, investing in people, and investing in their ideas and in their education in order to create 
our collective future. 

Science in the National Interest articulates five goals. The first three: 

• Maintain leadership across the frontiers of scientific knowledge. 

• Enhance connections between fundamental research and national goals. 

• Stimulate partnerships that promote investments in fundamental science and engineering. 

are primarily directed to creating the knowledge base and the new tools that will shape the 21st century 
economy. The last two: 

• Produce the finest scientists and engineers for the 21st century. 

• Raise the scientific and technological literacy of all Americans. 
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are the main reasons we are here today. In fact, the last two goals, although the more challenging, are by 
far the most critical in the long run. 

Our failure to accomplish these two goals will undermine our ability to accomplish the first three and they 
will ultimately undermine the wealth creation of this nation and its tax base. I firmly believe it will 
undermine the quality of life we have come to expect. 

Today, as a research scientist, a dean, and a recent policymaker, I would like to argue that scientists must 
become increasingly involved in the national educational initiative that must commence and be sustained 
to ensure a quality future for ourselves, our children, and generations to come. 

We must build partnerships that allow us to build on our successes, to understand our failures, and to 
identify new ways of doing business across sectors with new optimism. The National Science Foundation 
has been a leader in innovative programs to encourage high quality undergraduate teaching and to 
improve teacher training to affect improved quality in undergraduate teaching. 

Nonetheless, let me take a few moments to review some sobering statistics, observations, and "factoids.” 

For example, I read [the following factoids] in XhtSacramento Bee: 

• In 1950, 60 percent of all jobs in the U.S. were unskilled 

• In 1990, 35 percent of all jobs in thelJ.S. were unskilled 

• In 2000, 1 5 percent of all jobs are projected to be unskilled 

By the end of the decade: 

• 44 percent of U.S. workers will be in the business of collecting, analyzing, synthesizing, 
storing or retrieving data 

• In a 1989 survey of U.S. CEOs, two-thirds of them responded that they had difficulty in 
hiring because of lack of basic skills. 

• People age 18-23 with difficulty in academic skills are five times more likely to receive 
public assistance and have a poverty level income. 

Let me take a few moments to review some other compelling points that all of us need to be concerned 
about. Much of this information can be found in the very useful National Science Board document 
Science and Engineering Indicators for 1993, the latest edition. 

While the recently released critical technologies report notes that the U.S. is still the leader in most 
technologies, the margin by which we excel is increasingly smaller. Some of this shrinkage is due to the 
understanding of nations with whom we trade and compete that scientific education and literacy are 
important to their future. 

For many decades, the U.S. and the European countries have dominated the scientific workforce but: 

• In 1990, six Asian countries produced more than one-half million Natural Science and 
Engineering (NS&E) baccalaureates, slightlymore than the U.S. and Europe. 

• Although the U.S. has twice as many scientists and engineers in R&D, Japan and the U.S. 
have equal proportions in the workforce. 
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• However, Japan's ratio appears to be accelerating as the U.S. levels off. 

Another way to look at this is to note the following: 

• Although the U.S. and Canada outstrip most nations in overall baccalaureate degree 
production, the percent of degrees that go to individuals with S&E majors is proportionately 
less than in Japan. 

• More interestingly for the future, even in countries with limited overall participation in 
advanced education (such as Mexico and China) those who do get degrees in NS&E are a 
much higher proportion of the total baccalaureate production (e.g., 25 percent in Mexico and 
almost 50 percent in China). 

Thus, one can conclude that, although our overall access to higher education is comparatively good, our 
proportional share of those skilled in S&E is dropping just when we project an increasingly competitive 
international market and a need for more science background. 

Since economists who frequently disagree on many issues nearly unanimously agree that a nation's 
economy is a derivative of its workforce and its investment in science and R&D, this is an ominous trend 
that cannot wait for a more fortunate fiscal moment to fix. Indeed, one could argue that the present deficit 
that everyone is rushing to cut is only a symptom of a much more serious educational deficit that no 
amount of cutting can fix for the long term. 

So, in short, scientists and science agencies, both public and private, need to become involved and become 
partners in solutions. The reasons in the final analysis are simple: 

• The economy depends upon it; 

• Science education and literacy is the business of scientists; 

• It’s the right thing to do; and finally 

• There is the self-interested reason. If there is no national interest in science and no public 
competence and literacy in science, there will be no support for science in the national 
interest. 

What can be done? 

Form partnerships with other segments of higher education. The science and engineering (S&E) 
workforce, the knowledge creators of the future and those who can utilize this knowledge, is embedded in 
a complex system. Our higher education system has as its greatest strength its depth and its multiple 
routes of access for our citizens. Its greatest weakness is its formation of sectoral factions. 

Our nation has a system in which: 

• fourteen million students are enrolled in 3600 institutions; 

• those fourteen million students earn 1 .9 million degrees per year; and 

• of those 1 .9 million degrees, 500,000 are in S&E areas. 

This is the system that produces our teachers, our researchers, our policymakers and our legislators. The 
components of the system have to learn to work together to maximize their collective strengths and to 
focus their selective strengths. 
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I currently work for and represent what is called a land grant Research I university, although I spent 
nearly a decade at a selective liberal arts college. I can tell you from personal experience that few faculty 
or administrators in either sector know much about the other. And both need to learn to work better with 
our colleagues in the comprehensive universities and the community colleges where many of the teachers 
of the future get their pre-service training. 

As we discuss the need to work directly and creatively with teachers and students, we need also to work 
within the system that we share the greatest responsibility for and for which we should rightfully assume 
the responsibility. 

Some scientists may well claim that they are not trained to work with pre-college teachers or students, but 
they cannot claim that they do not have the skills or the responsibility for the quality of the undergraduate 
general and more specialized, [science education] in their own institutions. In fact, in most of our 
institutions, the power of the faculty over the curriculum is virtually absolute, as many an administrator 
has learned. If s time for academics to take their academic senate responsibilities ever more seriously. The 
views of scientists will not be respected if they cannot improve the level of science and math competency 
where they have the most influence, in their own institutions. 

Over the past five to seven years much has already been done, although I fear that this is not widely 
appreciated or understood. There are four areas of SME&T undergraduate education that I think are 
important to comment on today. 

Improving the undergraduate teaching of students who will continue in careers 
associated with science or technical competence 

There are two main concerns here: (1) modernizing and energizing the curriculum itself and introducing 
the use of ever more sophisticated information technology; and (2) drawing students of previously 
underrepresented groups into SME&T. Perhaps the most exciting opportunities combine the two. For 
example, at UC Davis we have a biology undergraduate scholars program that identifies talented students 
from nontraditional backgrounds and mentors them in the early and frequently career choice definitive 
courses in biology, chemistry, and math. Lately these students have been outscoring the rest of the class 
(e.g., 80 percent earned As or B's in the Chemistry 2A class where the average grade is 2.3). In addition, 
63 percent of them have participated in faculty research projects and many have gone on to graduate or 
professional school. The methodology used to encourage these minority students has now been more 
extensively used to improve the overall teaching of undergraduate biology majors. 



Improve the science and technology literacy of all undergraduate students 

In the information age we have already, no college educated person can expect to be fully equipped for a 
job or career without at least a working knowledge of modem scientific theory and a modicum of 
technical competence and know how. This will require our colleges and universities to revisit the general 
curriculum and revise the requirements to ensure that their students are prepared. This will not happen 
without the enlightened leadership of scientists and other academics. It will not work if all the scientific 
community is willing to offer is the usual array of introductory courses intended to introduce the student 
to the major. Tme literacy of all students will require science departments to become much more creative; 
to work collegially with other science departments and resource centers. Scientists must offer courses that 
the non-scientist likes and which are conceptually oriented, not just fact oriented. The "sage on the stage" 
will have to be replaced by the talented storyteller and the multimedia expert who has not only mastery of 
the material but mastery of the method of conveying the exciting and dynamic world of science. 



Change the training of graduate students 

Changing the way graduate students are trained to teach can make one of the most important impacts on 
the future of undergraduate teaching. We have experimented with a program at UC Davis entitled the 
“Certificate in College Teaching.’’ This program, in existence now for over five years, is oversubscribed. 
In this program, graduate students have both a UC Davis mentor and a mentor from a four-year or two- 
year institution. The student participates in an extensive professional seminar on teaching methods, has 
his or her own teaching extensively taped and analyzed and develops multimedia curricular materials that 
are also expensively critiqued. At the end of the intensive one-year program, a certificate is awarded. 
Numerous students who have completed this program have used the formal portfolio that they have 
developed when applying for jobs and claim that it was a significant factor in their subsequent hire. 
Sadly, we can only offer this program for a limited number of students; but approaches like this have the 
potential to reshape graduate students' attitudes toward a more serious orientation to new teaching 
methodologies for the future. 

Finally, be concerned about training teachers 

No matter how talented a teacher may be, nothing substitutes for mastery of the material, love of the 
discipline, and curiosity (which leads to life long learning). More concern about the undergraduate 
background of those who will teach in K-8 is certainly warranted. NSF has several programs in the area 
of in-service training that are especially well and continuing attention is warranted. 

Another suggestion is to work to develop communication majors that specialize in training science and 
technology communicators. Much of the public gains the fragmented knowledge it has on SME&T issues 
from television and print media. Very few communication programs around the country are serious about 
identifying well-trained science undergraduates and preparing them to be successful communications 
experts. It is clear that we need news professionals trained to understand science and science educators 
and scientists with a sophisticated understanding of the media. 

In short, first-rate SME&T education for those who will become scientists and for those who will 
primarily use the fruits of SME&T is critical for the nation. I applaud your efforts to review the 
important work sponsored by NSF in this area and I urge you to continue to devote effort to improving 
the nation's SME&T training and opportunities. Thank you for inviting my comments. 



M.R,C, Greenwood is Chancellor of the University of California, Santa Cruz, and a position she has held since 
July I, 1996, in addition to an USCS appointment as Professor of Biology. Prior to her USCS appointments. 
Chancellor Greenwood served as Dean of Graduate Studies and Vice Provost for Academic Outreach at the 
University of California, Davis, where she also held a dual appointment as Professor of Nutrition and of Internal 
Medicine. Previously, Dr. Greenwood taught at Vassar College where she was the John Guy Vassar Professor of 
Natural Sciences, Chair of the Department of Biology, and Director of the Undergraduate Research Summer 
Institute. From November 1993, to May 1995, Dr. Greenwood held and appointment as Associate Director for 
Science at the Office of Science and Technology Policy (OSTP) in the Executive Office of the President of the 
United States. In that position, she supervised the Science Division, providing authoritative advice on a broad 
array of scientific areas in support of the President^ objectives, such as budget development for the multibillion 
dollar fundamental science national effort, and development of science policy documents, including Science in 
the National Interest. In addition, she was responsible for interagency coordination and co-chaired two National 
Science and Technology Council committees. The author of numerous scientific publications and presentations, 
her research interests are in developmental cell biology, genetics, physiology, and nutrition. Her work over the 
past 25 years, focusing on the genetic causes of obesity, is recognized worldwide. 
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President, American Association for the Advancement of Science (AAAS) 
President, University of Maryland Biotechnology Institute 
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College Park, Maryland 



Introduction 

Since 1988, AAAS has conducted two studies, one implementation project, and one planning project 
related to undergraduate education in science, mathematics, engineering, and technology (SME&T). 
These include: 

(a) The AAAS Project on Liberal Education and the Sciences (1988-1990), funded by Carnegie 
Corporation of New York: a study of the role of the natural sciences in the liberal arts curriculum 
for all undergraduate students. 

(b) Investing in Human Potential (IHP): Science and Engineering at the Crossroads (1989- 
1991), funded by NSF: a study of efforts by U.S. higher education institutions to increase the 
participation of women, non-Asian minorities, and people with physical disabilities in SME&T. 

(c) Access to Engineering: Recruitment and Retention of Students and Faculty with Disabilities 
in Schools of Engineering (Five year project ending in January 1996), funded by NSF: effort to 
expand the concept of diversity within engineering education by promoting full inclusion of 
individuals with disabilities. 

(d) The Science Dean*s Colloquium (September 1994) funded by NSF: colloquium of 52 Deans 
of Science and other university administrators from the nation's major research universities. 



Each of these projects included substantial input from collaborating individuals and organizations. The 
AAAS Project on Liberal Education and the Sciences was guided by members of AAAS Coalition for 
Education in the Science, a consortium of scientific and educational associations, a six-member advisory 
board, and 15 member study group. The IHP study included survey responses from 276 
presidents/chancellors of colleges and universities, directors of nearly 400 recruitment/retention 
programs, and nearly 100 disabled student services offices, as well as intensive case studies of 13 colleges 
and universities. The Access to Engineering Project included intense work with five schools of 
engineering, a meeting of 60 deans and other administrators from schools of engineering, a survey of 
schools of engineering that included demographics on disabled students and faculty, and guidance by a 
16-member advisory panel, including a number of engineers with disabilities. 

In general, the four AAAS studies and projects have identified: 

• model SME&T undergraduate programs and courses; 

• what SME&T undergraduate students need to know in the sciences; and 

• academic and administrative challenges to bring about change in undergraduate SME&T 
education. 
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Overall Finding From AAAS SME&T Undergraduate Studies and Projects 

Perhaps the three most significant improvements in undergraduate SME&T education: 

• Efforts to Reform Calculus. These efforts have included structural changes in calculus that have been 
spearheaded by the mathematics community (MSEB, MAA, and NCTM). These programs create a 
community for SME&T freshman and sophomore students and provide supplemental workshops to 
regular classroom work. 

• Expansion of undergraduate research programs. Although undergraduate research programs have 
not been fully studied, it does appear that these programs motivate undergraduate students to stay in 
SME&T majors. These programs exist in the form of cooperative education programs: NSF Center 
for Research, National Institutes of Health Summer Program, Minority Access to Research Careers 
(MARC), Minority Biomedical Research Science (MBRS) Program, and other such efforts. NASA 
and the Department of Defense fund small summer programs for undergraduates with disabilities. 

• The notion of SME&T consortia and collaboratives. In general, consortia and collaboration of 
college, and universities and/or national laboratories and corporations have been effective in 
strengthening undergraduate SME&T education. Activities include developing dual-degree and cross 
registration programs; centralizing science and engineering resources into centers; faculty developing; 
reforming undergraduate curriculum; and creating research opportunities at non-doctorate granting 
colleges and universities. 

Perhaps the three most important challenges to SME&T undergraduate education are: 

• moving from isolated model programs to structural reform in undergraduate education; 

• orienting faculty, particularly faculty in lower division SME&T classes, to innovative 
instructional and assessment strategies; and 

• creating a forum for science deans to exchange information and monitor changes. 



Both the AAAS Investing in Human Potential (IHP): Science and Engineering at the Crossroads and 
The Liberal Arts of Science: Agenda for Action identified a host of model undergraduate education 
programs. Pages 143-145 of the IHP Report presents a model for evolution of intervention programs for 
minorities, females, and disabled students at colleges and universities. This model includes five levels of 
programs. 

1. Isolated projects were numerous, and involved the commitment of individuals to address particular 
barriers to participation. These projects were often not connected to any other efforts and relied on soft 
money or volunteer activity for their continuation. 

2. In other instances, individual schools or departments undertook activities to address their own 
particular problems, such as high failure rates in calculus. These activities had little or no connection to 
other efforts in the institution, and addressed only a small part of the overall system of problems which 
minorities, women, and students with disabilities face. 

3. At the next level were formalized, coordinated program activities in one part of the institution, such 
as a college of engineering, where recruitment and retention of female and minority students were 
coordinated through the office of the dean. Funding for these programs included external grants but relied 
increasingly on hard dollars from the institution. Most frequently missing from these programs were ties 
necessary to modify required introductory courses in the sciences and mathematics. There was often 
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reliance on programs to equip the students to survive instead of also taking on the issue of the quality and 
cultivation aspects of courses. 

4. In a few instances, institutions created centers for the coordination of large parts of the process of 
recruiting, retaining, tracking, and advancing students to graduate education. One of the most notable 
examples of this is the Comprehensive Regional Center for Minorities in Puerto Rico. In this case, the 
center formed an organizational overlay to the mission of the institution to educate particular groups of 
underrepresented students. 

5. Not found among any of the institutions was a model of structural reform where the structure of 
courses, pedagogical techniques, institutional climate, and systems for recruitment and retention co- 
existed with a supportive administrative structure. The regular support of departments and programs 
provides mechanisms to support the achievement of all students committed to education in science and 
engineering. 

The Liberal Art of Science: Agenda for Action report also profiles SME&T programs and courses (pages 
73-106). These profiles are grouped into four categories: 

Programs involving the core curriculum. These programs either constitute an institution's core 
science requirements for all students or are voluntary alternatives to the institutions core science 
requirements. Examples of programs include Introduction to the Natural Sciences at Lehman 
College; Learning Science Through Inquiry; Natural Science Division I Requirement at 
Hampshire College; and Science in Modem Life I and II at Brooklyn College. 

Program constituting a major. Programs in this section represent some of the innovative, 
interdisciplinary, baccalaureate programs that are emerging in American colleges and 
universities. Examples of programs include The Curriculum in Science and Culture at Purdue 
University; the Liberal Arts and Science Program at Utah State University; and the Science in 
Society Program at Wesleyan University. 

Full-year courses and course sequences. These are examples of initial courses designed to 
introduce students to science and the scientific enterprise. Examples of programs include 
Chemistry of Our World at Wright State University; Foundation of Science at Hunter College; 
and The Theory and Practice of Science at Columbia University. 

One-semester courses. These examples represent innovative courses that effectively integrate 
science in a liberal arts context and/or teach science as it is practiced. Examples of courses 
include Ways of Knowing at Macalester College; Role-Playing Laboratories in Analytical 
Chemistry at St. Olaf College; dnd Science and Technology in the Modern World, Kean College 
of New Jersey. 

Both the IHP study and the Liberal Art of Science Project offer guidance about how to move from 
isolated model programs and courses to stmctural reform in SME&T undergraduate education. Of 
particular note are pages xi and xix in The Liberal Arts of Science: Agenda for Action report. This 
section outlines what undergraduate students should take from their college education including 
understanding, knowledge, skills and attitudes concerning aspects of science. These include 
understanding: 

• scientific values and ways of knowing; 

• collection, organization, and classification of information; 

• scientific laws, devising models and developing theories; 
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• the limits of scientific knowledge; 

• the vocabulary and terminology of science; and 

• the role of mathematical concepts in science. 

In terms of integration concepts, undergraduate students need to understand: 

• scale and proportion; 

• change and evolution; 

• causality and consequences; and 

• dynamic equilibrium. 

In terms of the context of science, undergraduate students need to understand: 

• the historical development, intellectual, and cultural contexts of science; and 

• the ethical, social, economic, and political dimensions of science. 

These high goals for scientific understanding require new instructional strategies at the undergraduate 
level, including: 

• goal-oriented instruction that brings meaning into day-to-day problems encountered by 
scientists; 

• hands-on experimental and laboratory activities; 

• activities promoting independent learning and analysis including finding, reading, and 
analyzing information from a variety of sources; 

• group discussion and projects; 

• opportunities for writing and communicating science; 

• demonstrations of cross-disciplinary content including interconnections among the sciences 
themselves and connections to liberal arts, humanities, the fine practical arts, and the social 
sciences; 

• integration of mathematics with the study of those scientific topics whose explanations are 
based on mathematical concepts; and 

• assessment of students’ abilities to analyze scientific problems, to generate reasonable 
hypotheses, to evaluate evidence, and to raise questions about science and technology in their 
own lives and the society in which they live. 

Scientific understanding cannot be measured adequately by true-false, multiple-choice, or other similar 
tests. Papers, projects, essay tests, oral presentations, and other forms of assessment must also be used. 

As indicated, one of the biggest challenges for restructuring SME&T undergraduate education will be 
encouraging, preparing, and orienting college and university faculty to utilize innovative teaching and 
assessment strategies. Unlike K-12 teachers, college and university faculties are not required to take 
teaching courses. 

Pages 3 to 6 of The Liberal Arts of Science: Action Agenda also address academic and administrative 
changes needed at the undergraduate level to implement this new SME&T initiative, including: 
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• increasing the time commitment for science to the equivalent of 15 to 16 semester hours of 
instruction for all students and decreasing class sizes to one faculty for every 20 to 30 
students; 

• re-conceptualizing the current structure of the curriculum and doing away with survey 
courses. Rather, it is critical that education in the sciences become a well-integrated part of 
the broader liberal education program; 

• fostering collaboration of science with other liberal art faculties; 

• identifying a mechanism to review current curricula, design programs, encouraging the 
developing of courses, and providing on-going monitoring and assessment; 

• recognizing the need for institutional curricular reform including financial support, promotion 
and tenure, reduced teaching loads, and awards and prizes; and 

• external support from scientific, professional, and educational societies, accrediting agencies, 
state and federal government, and private and corporate foundations. 

As colleges and universities move to restructure SME&T at the undergraduate level, a leadership forum 
will be needed to exchange information, define benchmarks and collect data. However, as made clear by 
the AAAS Science Deanfe Colloquium, unlike engineering deans, science deans lack a common forum to 
discuss concerns about SME&T undergraduate education. As part of the AAAS Colloquium, science 
deans outlined topics they would like to address. Topics include: 

Administrative Concerns 

• NSF funding procedures; 

• Improving the image of the research university; 

• Responding to budget cuts and reorganization; 

• Difficulties in dealing with the K-12 system, as well as state and federal education agencies; 

• Dialogue between research universities and “official” Washington; 

• Strategies for dealing with declining federal funding; and 

• Need for development activities in a new fiscal climate. 

Curriculum and Teaching Issues 

• Launching interdisciplinary degree programs, such as the science-oriented MBA and 
environmental studies, and science and public policy options; 

• Offering degrees in the sciences that are intended to lead to professional careers in 
journalism, business, etc.; 

• Organizational structure of undergraduate biology education; 

• Encouraging better teaching; 

• Curricular revisions as a mechanism for fostering interdisciplinary research and reaching less 
traditional science students; 

• Exchange of benchmark data; and 

• Tensions between major and non-major courses. 



Faculty Development 

• Mentoring of female and probationary faculty and graduate students; 

• Improving faculty diversity; 

• Discussion of the faculty reward structure, including tenure, promotion, and post-tenure 
review; 

• Faculty resistance to programs for female and minority students; 

• Evaluation and rewards of faculty for undergraduate teaching; and 

• Improving faculty teaching. 

4. Outreach Efforts 

• University relationships with secondary/elementary school teachers and students; and 

• Relationship between college of science and college of education. 

5. Student Issues 

• Efforts to stem student attrition; special sections for high-risk students; remedial instruction; 

• Programs to promote undergraduate student research; and 

• Changing employment opportunities for students. 

In addition, the deans are interested in how interdisciplinary centers (science, mathematics, and 
technology) are formed and operate. Specifically, they were interested in a center's role with regard to K- 
12 outreach, as well as the sharing of personnel and programs between the center and academic 
department, the types of faculty and staff appointments at such a center, and evaluations of faculty 
outside departmental and disciplinary frameworks. 

All of the AAAS studies and reports outline concerns about the changing demographics, particularly 
concerns about increasing the participation of minorities, women and persons with disabilities in 
SME&T. Minorities and females have made some gains in science, but we need to build more efforts to 
involve disabled persons in science. In the IHP study and thQAccess to Engineering effort, AAAS staff 
found that unlike efforts for minority and female students in SME&T, most colleges and universities do 
not have targeted efforts for disabled students. For these students, the disabled student services (DSS) is 
the primary source of help. However, disabled students who major in SME&T often find that the DSS 
has not encountered their specific need before, especially in laboratory courses or when specific 
technologies or services are required. In addition, most SME&T faculty and administrators are 
uninformed about the assistive technology that students and engineers with disabilities use today. The IHP 
report. Chapter 4 on "Science and Engineering Students with Physical Disabilities: Who Smoothes the 
Path?" includes making SME&T accessible to students with disabilities. 

Rita R Colwell has served as President of the following organizations: American Society for Microbiology, 
International Union of Microbiological Societies, Sigma Xi National Science Honorary Society, and American 
Association for the Advancement of Science, Washington Academy of Sciences. She is currently Chairman of the 
Board of Governors of the American Academy of Microbiology, author or co-author of 16 books and more than 
450 scientific publications. Recipient of Honorary Doctor of Science degree conferred by Heriot-Watt University 
(Edinburgh, Scotland); Hood College; and Purdue University, D.LLD conferred by Notre Dame College, 
recipient of the Andrew White Medal by Loyola College and Metal of Distinction^ Columbia University. 
Honorary Professor of The University of Queensland (Queensland, Australia) and Ocean University of 
Quingdoa PRC. Served on the National Science Board and as a member of federal and state agency committees 
and boards. 
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Alan C. Tucker 

Distinguished Teaching Professor, State University of New York-Stony Brook 
Chair, Education Coordinating Council of the Mathematical Association of America 

Stony Brook, New York 



I would like to organize my remarks along the lines of the input on the [EHR Advisory Committee] review 
solicited by Dr. Robert Watson from academic and business leaders last summer. My suggestions draw, in 
part, on the thoughtful comments of fifteen such letters written by mathematical scientists. 

What are the most significant improvements in undergraduate SME&T education 
you have observed in our nation during the past ten years? 

Leaders of the mathematical sciences community are in general agreement about the three major 
improvements in undergraduate SME&T education in the past ten years. They are: 

• increased use of technology; 

• increased attention to teaching and learning; and 

• the calculus reform movement. 

Some have also specifically cited efforts related to the latter two items, such as the involvement of 
professional societies in instructional reform and the creation of good materials to support innovative 
instruction. 

Increased Use of Technology 

Technology has had two types of impact: 

1) In the way that mechanical devices have augmented the physical capabilities of humans, computing 
devices have augmented the mental capabilities of humans. In the learning process, technology provides 
enhanced computational and visual experiences as well as numerical assistance for students, giving 
students more insight into physical and mathematical processes. Students can study more realistic 
problems, which previously were intractable with pencil-and-paper approaches. With simulation and 
computer graphics software, students can explore and discover mathematical phenomena, thus making 
mathematics more like a hands-on, experimental science. This technology promotes active learning and 
facilitates undergraduate research in mathematics. 

The advent of modestly priced graphing calculators and widely affordable personal computers has made 
these technological possibilities a working reality for millions of undergraduates. Faculty interest in 
utilizing technology is exploding. Attendance at an annual conference on educational technology in 
mathematics has grown in six years from a few hundred to two thousand. 

NSF Instrumentation and Laboratory Improvement (ILI) program has made a substantial contribution to 
the availability of technology in mathematics departments. The highly leveraged format of the ILI 
program, which requires technology-based curricular development (plus extensive cost-sharing), has 
prodded faculty to think creatively about how to use new technology effectively. NSF Faculty 
Development grants have supported scores of workshops to train mathematical science faculty in the use 
of educational technology. 
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2) The use of technology in learning and educational reform generally, has been revolutionized by electronic 
communication that effortlessly connects pairs of educators and students. The Internet's Worldwide Web 
opens up unlimited amounts of information to scholars and students, irrespective of the capacities of one's 
local library or computer center. The isolation in which individual educational reformers used to work 
has been eliminated. Students can access critical databases to undertake truly realistic class projects. 
NSF has played an important role in supporting NSFnet and local access efforts as well as educational 
software projects. 

Increased Attention to Teaching and Learning 

The increasing realization that Aow mathematics is taught is as important as what mathematics is taught is a 
signal development in undergraduate mathematics instruction. Its consequences will be reshaping 
instructional practices in the mathematical sciences for years to come. NSF curriculum grants and ILI grants 
were absolutely critical in stimulating a rethinking of instruction that started with questions about 'what' but 
inexorably led to questions about 'how.' 

This realization has led to growing interest in research about effective instruction and student learning. The 
wide interest in cooperative learning, student-centered discovery learning, projects and writing in mathematics 
courses was unimaginable a decade ago. Eight years ago at the annual joint American Mathematical 
Society/Mathematical Association of America meeting, the only contributed paper sessions were on research 
topics. Now, contributed paper sessions have hundreds of papers on pedagogy and on curricular reform. 
Faculty interest in pedagogy has had anticipated impacts on improved classroom instruction. It has also had 
unanticipated impacts such as a growth of undergraduate research opportunities in which faculty are now 
more likely to treat students like colleagues. 

A few months ago, there was a major article in the Notices of the American Mathematical Society on the 
effective instructional practices developed at the mathematics department at the State University of New York 
College at Potsdam (in some years, over 15 percent of Potsdam's graduates have been mathematics majors). 
For this research-centered society to have an article extolling mathematics instruction at a state college 
represents a major change of professional culture. 

My favorite quote about pedagogy is a question posed to me 6 years ago— before I understood fiilly the 
power of the 'how'— by the chair of the Potsdam mathematics department. He asked, “Why have Math 
Association committees spent so much time writing reports about curriculum for the mathematics major? 
What does using just the right curriculum have to do with training mathematicians?" 

The Calculus Reform Initiative 

Introductory undergraduate mathematics curriculum and instruction had a poor reputation a decade ago. 
Today, collegiate mathematics is viewed as a leader in SME&T undergraduate instructional reform. The 
calculus reform effort is a principal reason for this change. Hundreds of thousands of students are now being 
taught in calculus reform classes where students are more active learners and faculties are more active 
teachers. The best selling calculus text last year (over 80,000 copies sold) was a reform text. Calculus 
courses now focus on numerical, visual and applied interpretations of calculus as well as algebraic 
techniques. Students make extensive use of technology, engage in cooperative learning, write about their 
mathematical thinking and learn to attack open-ended, less structured problems. 

Calculus reform has proved to be a stimulating case study in technological and pedagogical innovation. Use 
of technology has had a symbiotic two-way relationship with calculus reform. Graphing calculators and 
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computer software like DERIVE called into question the traditional drill in graphing functions and symbolic 
differentiation and integration. At the same time they permitted realistic problems involving integrals which 
could only be evaluated numerically and permitted visual and numerical exploration of the behavior of whole 
families of functions. Pedagogical innovation became a natural solution for faculties who were trying to break 
students free of deeply ingrained habits of mindless 'plug and chug' exercises. To make students think 
carefully about model building and the analysis of calculus-based models, instructors turned to cooperative 
learning, open-ended projects, and writing assignments. Interest in instructional innovation sparked by 
calculus reform is stimulating faculty to rethink how they teach differential equations, linear algebra, and 
other mathematical sciences courses. 

The accompanying map shows the broad distribution of NSF calculus reform awards by state. Subcontracts 
associated with major awards, along with the scores of calculus reform workshops, have extended the impact 
even further. The true success of the calculus reform movement is found in the 1000+ institutions that have 
implemented calculus reform without a grant. 

As an aside, I would like to give a special salute to program officers at NSF who displayed laudable 
cooperation and enterprise to steer additional funds to the calculus reform initiative as they started to 
recognize the magnitude of the impact that was possible. The $18,000,000 finally spent on awards in the 
Calculus Reform Initiative from 1988 to 1993 was several times what was directly allocated. The primary 
support for NSF calculus reform initiative was through the Course and Curriculum Development Program in 
the Division of Undergraduate Education in cooperation with the Division of Mathematical Sciences. DUE 
Programs in Faculty Enhancement, in Instrumentation and Laboratory Improvement, and in Teacher 
Preparation, as well as programs in the Division of Research, Evaluation and Communication (REC) and the 
Division of Elementary, Secondary, and Informal Education (ESIE), contributed additional funds. 

What are the three most important problems you and collaborating individuals and 
organizations encounter in your efforts to assure that the best possible education is 
delivered to undergraduates in the areas of SME&T? 

While there was near unanimity about the improvements in the past decade, leaders in the mathematical 
sciences conmiunity showed great diversity of opinion when it came to future problems. The following three 
topics were each cited by about half the respondents: 

• changing faculty values and attitudes; 

• serving a more diverse, and often under-prepared, student body; and 

• equipment needs 

Other problems cited by several respondents were 

• inadequate coordination across disciplines; and 

• responding to Standards-based changes in K-12 instruction 

Other challenges mentioned were: the lack of diversity in SME&T faculty and graduate students; faculty 
development programs; challenges of instruction delivered by a growing number of part-time faculty; and 
more research about effective methods of student assessment. In the following discussion, I will focus on 
possible contributions by NSF, but these contributions are assumed to be occurring in cooperation with 
professional societies and individual institutions. A key to the success of the calculus reform movement was 
the close working relations that existed from the outset between NSF Principal Investigators and professional 
societies. 
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Changing Faculty Values and Attitudes 

University faculty still gets promotion and tenure for research. Given the existing priorities, too few 
university faculties have an incentive to make a substantial investment in instructional activities. The 
increased interest in teaching and pedagogy among some university mathematical sciences faculty is 
supported by a number of department chairs. However, it has limited support from most senior faculty (who 
populates the tenure committees). 

There was a case around 1940 of a talented mathematician being denied tenure by a leading Ivy League 
institution, because despite outstanding research the person was also a good teacher. Some senior faculty 
argued that his interest in good teaching was a demon seed’ which in the future would consume the man and 
destroy his research. Remnants of that thinking are still alive today at some institutions, both colleges and 
universities. 

Along with a greater general interest in teaching, faculties need to ensure that their instruction is geared 
towards the educational needs of all their students and society, rather than just the needs of advanced training 
in their discipline. 

I believe that the university mathematical sciences community is moving slowly to take a more positive view 
of teaching. Mathematics departments owe their large size primarily to heavy freshmen service teaching. A 
number of leading research mathematicians have become aware of the importance of good teaching in 'paying 
the bills' for mathematics. NSF programs have helped to start a change of culture and can continue to do so. 
The systemic reform theme in the nev/ Mathematical Sciences Throughout the Curriculum initiative attacks 
this problem head-on. There are a variety of efforts that NSF might undertake to enhance the stature of 
instructional excellence: increasing funding across-the-board in DUE; awarding less-structured individual 
investigator grants in instruction similar to NSF research grants; and placing a greater weight on instructional 
activities in NSF 'research' grants. 

Serving a More Diverse, and Often Under-Prepared, Student Body 

Because of the long, sequential nature of learning in mathematics, it is easy for students to accumulate a 
growing deficit of mathematical skills needed for undertaking college -level mathematics. Unfortunately, the 
increasing number of students with inadequate preparation for college mathematics is occurring at the same 
time that an increasing number of college disciplines are using more mathematics. Thus, to get students from 
where they are to where they need to be for the mathematical requirements of their majors and the workplace 
is posing a problem. The diversity of student backgrounds requires creative instructional strategies that 
empower all students to help themselves grow mathematically, for it is not feasible to have instruction that is 
individualized to each student. Additional research about how different types of students learn mathematics is 
also needed. 

This is a challenge that, I believe, needs to be shared between mathematical science departments and client 
disciplines. Growing NSF support for advanced technology education programs illustrates the positive force 
that NSF can play in fostering the development of new curriculum and instructional styles geared towards 
workplace needs. I would like to see NSF support for pre-calculus reform expanded. A new program targeted 
at developmental mathematics is needed. While this instruction is remedial in its mathematics content, it is 
also some of the most challenging teaching in post-secondary education. 
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Equipment Needs 

Mathematics departments have now joined science departments as laboratory disciplines. In mathematics, it 
is computer laboratories. The costs of purchasing more computers as more mathematics courses use 
computers, and the costs of replacing outdated PCs, are slowing efforts at instructional reform in 
mathematics to a crawl at many institutions. NSF ILI grants have helped hundreds of institutions introduce 
and upgrade their computer facilities. Hopefully, the ILI, program can be continued and expanded. 

Inadequate Coordination Across Disciplines 

Faculty today tend to be much more closely linked with other researchers in their specialties at other 
institutions than with local faculty in their own and other departments. Undergraduate education is a 
collective undertaking of the faculty and requires much greater educational day-to-day exchange among 
faculty. Educational innovation, like cooperative learning, cannot flower unless new instructional strategies 
are shared and coordinated among departments. 

Instruction today is too narrowly focused on the subject of an individual course or the point of view of a 
particular discipline. The scientific and business workplace today is characterized by multidisciplinary 
thinking that draws on the paradigms and problem-solving strategies of many different disciplines. Many 
business groups, such as the risk assessment divisions of major banks, value physicists, mathematicians and 
engineers for their common training in quantitative problem-solving. It is as if faculty in these different 
disciplines see themselves as specialists in Bach or Tchaikovsky or jazz, while the world wants broadly 
trained musicians. Faculty in quantitative disciplines must collaborate more fully to give students this 
broader, multidisciplinary point of view in their training. 

The new NSF interdisciplinary consortia in chemistry and mathematics, joining related efforts underway in 
engineering, are of critical importance and should be expanded. It would be helpful if funds were made 
available to support many smaller interdisciplinary efforts involving faculty in a group of departments at one 
college. 

Responding to Standards-based Changes in K-12 Instruction 

The post-secondary mathematics community has been largely supportive of the mathematics Standards 
developed by the National Council of Teachers of Mathematics. The visions of content, instruction and 
assessment contained in the NCTM Standards and the current efforts at enhancing undergraduate 
mathematical sciences education have a great deal in common. Each initiative’s primary goal is to enhance 
student learning in mathematics and to make mathematics truly accessible to everyone. Since studies show 
that teachers tend to teach the way they were taught, instructional reform in collegiate mathematics has an 
important second order effect on instructional reform in the schools. 

However, there are a number of further actions needed to support the NCTM Standards. Colleges and 
universities need to rethink their entrance standards and placement exams in mathematics, their pre-calculus 
instruction, and their quantitative literacy requirements in light of Standards-based changes in K- 12 
instruction. 

Unfortunately, to date the pre-service mathematics training of teachers has changed little to reflect the values 
of the Standards. The instruction needs rethinking in both mathematics courses aimed specifically at pre- 
service teachers and core mathematics courses which, at some institutions, have large numbers of prospective 
secondary school mathematics teachers. For some mathematical sciences faculty, this rethinking may entail 
additional professional development in new educational technology or pedagogy; for others, it might mean 
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working cooperatively with faculty in mathematics education. Better preparation of doctoral students for 
college teaching is a related concern, which can be addressed hand-in-hand with better preparation of K-12 
teachers. 

NSF can help with support for Standards-based reworking of introductory mathematics instruction and of the 
mathematical preparation of K-12 teachers. 

The diversity of opinion on future problems and the complexity of these problems - institutional 
commitments, engaging all faculty, reaching and properly serving all students, coordination across the 
disciplines, and more - suggests the breadth and depth of the educational reform needed in undergraduate 
SME&T instruction. These are daunting challenges, but they also represent exciting opportunities. 

I would like to take editorial license to close this presentation with a nagging personal concern, which, I fear, 
will overshadow many educational reform efforts in this country. 

Ambivalence and Complacency About the Value of Education 

In many nations, young people receive a strong, clear message from their parents, and from society generally, 
to develop their minds as preparation for success in later life. I find little of this message in this country. In 
Asian countries, parents are constantly complaining about the poor job their schools are doing, while surveys 
of American parents show satisfaction with the performance of their schools. Many in our society still believe 
deep down that the frontier spirit of enterprise, rather than education, is the key to success in life. American 
teenagers in our materialistic society, with limited parental guidance to concentrate on studies, are spending 
too much time on part-time jobs to make car payments (immediate gratification) rather than on doing 
homework (a long-term investment). 

However, a workforce strong in SME&T skills is critical to maintaining our national and personal economic 
well-being. NSF needs to work with SME&T professional organizations and friends in business to publicize 
better that entrepreneurial spirit is not a substitute today for investing deeply in one's own education and for 
obtaining a solid scientific and mathematical literacy. 

Almost everything NSF does indirectly impacts this issue. NSF needs increased efforts to upgrade the 
mathematics and science expertise of schoolteachers at all levels. The typical college graduate spends only 
about 10 percent of his/her college time in non-remedial SME&T course work. I would like to see NSF work 
with SME&T faculty to develop strategies to expand the SME&T experiences of all college students. 



Alan C Tucker is SUNY Distinguished Teaching Professor at the State University of New York-Stony Brook in 
the Department of Applied Mathematics and Statistics. He obtained his Ph.D. in Mathematics from Stanford 
University in 1969. Dr. Tucker has been at Stony Brook since 1970, department chair for 12 of those years. He 
has served from 1991 to 1997 as chair of the Mathematical Association of America's Education Council. Dr. 
Tucker was the lead author of two recent NSF-sponsored studies, * Assessing Calculus Reform Efforts, " and 
Models That Work: Case Studies in Effective Mathematics Undergraduate Programs. " He was MAA First Vice 
President in 1988-90. 
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Testimony Before NSF Undergraduate Review Subcommittee 
"Disciplinary Perspectives of National Leaders 
in Undergraduate Education" 

Eleanor Baum 

Dean of Engineering, Cooper Union for the Advancement of Science and Art 

New York, New York 

Winfred Phillips 

Dean of Engineering, University of Florida 
Sarasota, Florida 

Thank you, Mr. Chairman, for this opportunity to address the subcommittee on the important issue of 
undergraduate education in engineering, science and mathematics. This is an enormously important topic 
in today's competitive, high-technology world. My remarks will focus on engineering education. I am 
speaking today on behalf of myself, as President of the American Society for Engineering Education 
(ASEE) and past chair of the ASEE Engineering Deans Council (EDC), and my colleague, Winfred 
Phillips, President of the Accreditation Board for Engineering and Technology (ABET). 

Engineers play a vital role in the technological and economic life of society. They develop new 
manufacturing processes and products; create and manage communications and transportation systems; 
address environmental problems, devise pioneering health care devices and, in general, make technology 
work. In the words of Richard Morrow, past chairman of the National Academy of Engineering, "the 
nation with the best engineering talent is in possession of the core ingredient of comparative economic and 
industrial advantage." 

Engineering education in the United States has served the nation well; providing a breadth of programs 
across more than 500 institutions. But there is wide recognition that engineering education must respond 
to new challenges. Along with technical skills and intellectual development, engineering graduates must 
learn how to work as part of teams, communicate well, and understand the economic, social, 
environmental and international context of their professional activities. In addition, engineering education 
programs must find ways of attracting a broader mix of students that better reflect the social and ethnic 
diversity of the country. Taken together, thatfe a tall order. 

We in the engineering education community are addressing these issues with assistance from a variety of 
sources, including our industry partners, academic colleagues, and at the federal level particularly, the 
National Science Foundation. The vision and support that NSF provides for improving engineering are 
key to the experimentation and knowledge-building that are necessary for real change. Equally important, 
as a premier funding agency of academic research, NSFfe support of research in educational topics and 
methodology provides legitimacy and prestige for this type of faculty activity. 

Last year, with NSF support, ASEE published a major report. Engineering Education for a Changing 
Worlds which laid out general principles for addressing these issues. More than 60 schools are using the 
report in their strategic planning processes. 

We suggested in the report that engineering education programs needed to be three things: 
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• Relevant to the lives and future careers of students; 

• Attractive to students with a wide variety of backgrounds and career interests; and 

• Connected through partnerships and integrated activities with the wider community. 

This community would include not only other colleges in the university, but K-12 schools, community 
colleges, industry and government. 

Rather than suggesting that all engineering schools change in the same way, we called for each school to 
establish its own mission, based on whom it served and its comparative advantages. Some schools might 
focus on educating students for professional engineering practice through the master's level; others might 
offer a combination of traditional technology-based engineering with a strong emphasis on broader 
management and decision-making skills; while others would focus on preparing students for research and 
teaching careers. 

This type of significant experimentation in the undergraduate curriculum would be fostered through 
proposed changes in the criteria for engineering programs of the Accreditation Board for Engineering and 
Technology (ABET). The proposed changes, which are now being reviewed by the engineering 
professional societies that comprise the organization, would provide greater flexibility. In concert with 
ASEE, industry and the EDC, ABET has proposed that each engineering school adopt a mission 
statement. Further, it should develop goals consistent with the mission and implement outcomes 
assessment. 

Several state governments, along with parents and students themselves, are demanding methods for 
assessing the quality of engineering education programs. Given the diversity of engineering programs 
throughout the nation, however, we believe that no one test or prescriptive set of criteria would be 
inappropriate for all engineering colleges. ASEE is serving as the secretariat for a group of engineering 
professional societies that are seeking to identify successful assessment strategies and principles. The aim 
is to develop a broadly supported array of assessment tools that engineering colleges could use, based on 
their own needs and programs. The Joint Task Force Oil Engineering Education Assessment, consisting 
of ASEE, the Engineering Deans Council, the National Society of Professional Engineers, ABET and the 
National Council of Examiners for Engineering and Surveying, expects to have an outline of 
recommendations by early next year. 

A potential breakthrough for making technical subjects exciting and accessible to all students is the use of 
the Internet. Electronic courseware that uses interactive media and provides access to a world of 
information will make learning more interesting and enable students to better understand technical 
material. But how will faculty and students know whatk best among the many offerings? ASEE is 
working to develop a system for peer reviewing multi-media courseware in engineering education over the 
Internet. 

We would like to commend the National Science Foundation for its various programs that are promoting 
the type of experimentation and risk-taking that will lead to real improvements in engineering and other 
technical education. The largest and potentially most influential program in engineering education is the 
Engineering Education Coalitions, consortia of engineering colleges whose purpose is to promote 
comprehensive change. This program has promoted discussion about teaching, learning and curriculum 
among faculty on many campuses and has begun a process of sharing resources. 
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A vital element in any broad reform effort is the dissemination and discussion of research results. We 
encourage the Foundation to strengthen this aspect in its grant programs: encouraging grant recipients to 
demonstrate specific strategies for dissemination of their findings, as well as encouraging presentations on 
educational research at meetings of the various professional societies. For example, the Division of 
Undergraduate Education (DUE) this year sponsored a Project Showcase at the ASEE annual conference 
in which engineering grantees funded by the Division displayed and discussed the results of their projects. 
Nearly 2000 engineering faculty members attended the Showcase. This type of face-to-face interaction, 
in which faculty members can ask questions and develop contacts with the grantees, is a valuable 
complement to written articles and more formal presentations. We hope this kind of effort will continue. 

We also commend the Foundation for its ongoing sponsorship of conferences and workshops in 
undergraduate education. These are a valuable way for groups of people to talk about undergraduate 
education in mathematics, science and engineering and to help chart new policy directions. We hope these 
efforts will also continue. 

The engineering directorate of NSF has consistently and effectively promoted the integration of education 
and research. Its programs have stimulated an increased emphasis on undergraduate education and 
research in all programs. We encourage further integration between EHR and the engineering directorate 
to ensure a sound continuum in mathematics, science and engineering education: K-12 through Ph.D. 

We would also like to single out efforts to promote university/industry partnerships, such as NSF's 
GOALI program. GOALI enables industry representatives to spend time on campus and faculty and 
students to spend time in industry. This effort to bridge the gap between academe and industry and form 
real partnerships is especially important in engineering. We urge the Foundation to expand activities that 
encourage these collaborations in research and education. 

At a time of great technological change and a greater need for citizens with technological understanding, 
we hope that NSF will sustain and increase its programs for improving undergraduate education. This is 
an important investment in our future and we look forward to working with you in this endeavor. 



Eleanor Baum is Dean of Engineering at The Cooper Union, New York City, and Executive Director of The 
Cooper Union Research Foundation. She is past-president of the American Society of Engineering Education 
(ASEE), president-elect of the Accreditation Board for Engineering & Technology (ABET), member of Board of 
Governors of the New York Academy of Sciences. She has long been active in matters dealing with Engineering 
Education, encouraging women and minorities to seek engineering and science careers, and in ^technology 
policy matters. 

Winfred M, Phillips is currently Dean of the College of Engineering at the University of Florida and Associate 
Vice President for the Engineering & Industrial Experiment Station. He is currently President of the American 
Society for Engineering Education; President of the American Institute for Medical and Biological Engineering: 
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Mechanical Engineers; Vice Chair of the Board of Directors of the Southeastern Consortium for Minorities in 
Engineering: cind serves as corporate director and member of a number of industrial, state and national 
scientific advisory boards. He was Professor and Head of the School of Mechanical Engineering at Purdue 
University from 1980-88. Prior to this, he was a Professor of Aerospace Engineering: Associate Dean for 
Research in the College of Engineering, 1979-80; and Acting Chair for the Intercollegiate Bioengineering 
program, 1978-79 at Pennsylvania State University. Dr. Phillips received a Bachelor of Science in Mechanical 
Engineering in 1963 from Virginia Polytechnic Institute; a Master of Engineering in Aerospace Engineering in 
1966 from the University of Virginia; and a Doctor of Science in Aerospace Engineering in 1968 from the 
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Undergraduate Education in Computer Science & Engineering 

Peter J. Denning 

Associate Dean for Computing, School of Information Technology and Engineering, 

George Mason University 
Richmond, Virginia 

By all accounts, undergraduate education in Computer Science and Engineering (CS&E) is flourishing. 
There are 154 Ph.D.-granting CS&E departments in the U.S., and several times that number granting BS 
degrees. Enrollments have been steady or increasing for the past several years as public interest in the 
discipline has increased with the explosion of the Internet, Worldwide Web, computational science, and 
information-based engineering. There is strong agreement on the basics, the core of the discipline, as 
registered in the 1989 ACM/IEEE report Computing as a Discipline^ and incorporated into the guidelines 
of the Computer Science Accreditation Board (CSAB). The faculty share a growing concern for 
cooperation with industry, reflected in the growing use of senior design projects and the 1994 call of the 
CS department chairs for faculty to spend at least a year in industry as a condition of tenure. The faculty 
have responded well to the Hartmanis report. Computing the Future (NRC, 1 994), which called for more 
attention to be paid to the undergraduate curriculum. For example, they are getting better and better at 
offering "introduction to computing," where they are developing a new view of computation based around 
interactions with machines rather than programming. In the lower divisions especially, they are beginning 
to employ undergraduate teaching assistants (UTAs) to provide supplemental instruction and help for 
peers, lessening failure rates and increasing retention without decreasing faculty involvement. They are 
including more team projects, many on topics of concern to students, more student presentations, and 
more written reports in their courses. After a slow start, they are now responding in numbers to cross- 
disciplinary work, especially in computational science, biotechnology, quantum computing, information 
retrieval in the humanities, and graphics for the arts. They are making good use of educational 
technologies such as Lotus Notes, interactive TV, CD-ROM, class web pages, Internet searching, 
computer-based lab projects, simulations, and workbenches in their classes. They are engaged in lively 
debates on how much to increase instruction in basic systems integration and how to reach students to 
design for human concerns, debates whose outcomes can only have positive effects on curricula. 

Remaining Trouble Spots 

I mark the 1988 publication of Charles Sykes's best-seller,Prq/S'ca/w, as the beginning of the modem art 
of university bashing. A dozen or so additional books and innumerable editorials have since appeared on 
the same subject. The principal complaints lodged by these writers include: 1) faculty are more interested 
in research than in teaching; 2) graduates lack competence in their fields; 3) tuition and costs are rising 
faster than inflation without a corresponding increase in value; 4) faculty spent too little time in the 
classroom; and 5) faculty hide behind tenure and academic freedom rather than address problems. These 
writers have clearly struck a resonant chord: not only have their works been best-sellers, but the chord has 
hummed in state legislature across the land, producing sharp cuts in higher education in most states and in 
the federal budget for research, and producing new laws that attempt to bring faculty and their 
administrations to account for their reluctance to address well-known problems. 

In my mind, these criticisms add up to customer dissatisfaction with universities on a massive scale. 
Many faculty do not like the notion that students, parents, and employers are their customers - and yet 
students, parents, and employers are genuine, money-paying, satisfaction-seeking customers whose 
discontent is being felt. The successes, improvements, and innovations I listed earlier demonstrate some 
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real progress on the problems cited by the critics, and I daresay many critics would be pleased at the 
progress that has been made. At the same time, if we make an honest report card for ourselves, we can 
see that we have a long way to go before we will win back the full confidence and loyalty of our 
customers. 

Research: University research is a big enterprise, seen by most faculty as integral to the mission of a 
university. Faculty still place more emphasis on research than on any other factors for promotion and 
tenure. Few undergraduate students come into contact with faculty research. The complaint that students 
learn more about advanced technologies from the Discovery Channel than from their professors has 
considerable merit. In my view, we can go a long way toward resolving this problem by finding ways to 
connect research to undergraduate curricula. Some of these ways will involve technologies that facilitate 
the "feedback path" from research to curriculum, while others will involve new faculty practices such as 
organizing technology shows or engaging undergraduate students in their own research projects. 

Student Competence: In response to pointed criticisms by business people, we have made good progress 
with team projects, senior design projects, co-op programs, and more emphasis on good presentations and 
written reports. But there is much more we can do. Few of us can give a cogent answer to the questions: 
"At what must the educated engineers (computer scientists) of the century be competent? How will 
we know that they are?" Few CS&E undergraduate programs have made a clear statement of the 
promises they make to their students about the kinds of competence they will have on graduation. Fewer 
have agreements with business people that those are the competencies required for work and even fewer 
still have any means of demonstrating that students are competent. Until we address these questions - in 
co-operation with business people - we will forever be playing a game of catch-up, a game of responding 
to pointed criticisms, rather than a game of anticipating what is needed before it becomes a business 
necessity. 

Tuition: As faculty, we do not pay much attention to reducing the costs of education - we see that as the 
job of administration. When we do think about it, we speak of using information technology to improve 
communication with students, to automate some parts of the process such as keeping records or grading, 
to provide learning environments that students find more engaging, and to reach more students through 
distance learning. We complain when undergraduate class size reaches 50 students, but seldom 
investigate the question of how to organize the teaching of 500 students effectively. 

Classroom Time: Most faculty I know spent 15-20 hours a week on each class - 3 in the classroom, 
several more in preparation, several more in coaching students, and several more in grading and giving 
feedback. Virtually everyone is using e-mail to permit students to have access to them around the clock. 
Faculty accessibility is becoming less of a complaint. I don't think there is a problem on this issue, but the 
word may not be out. 

Tenure: Criticisms of the "tenure system" stir deep resentments among the faculty. Instead of recognizing 
these criticisms as frustration on the part of critics about our lack of response to their real criticisms, we 
react with great defensiveness, which only fans the flames. We would do far better to respond directly to 
the criticisms about our effectiveness in research, conferring competence, and teaching. In any case, the 
growing wave of "post tenure review" processes being mandated by state legislatures is going to render 
tenure a fond memory. 

As you can see, I rate the first three items on the last as the remaining trouble spots among the main 
issues raised by the critics of higher education. 
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New Trouble Spots 

I would like to turn now to some areas in which we are not paying much attention, areas that will surely 
become trouble spots unless we do pay attention to them. These may offer even bigger challenges than the 
ones we are now dealing with. In discussing these aspects, I do not want anyone to think I am suggesting 
that "something is broken, throw it out and start over." I do suggest that we pay serious attention to these 
areas before they turn into real problems. There are two: 

• The demise of the university 

• Effective teaching in the age of the Internet 

Demise of The University 

Four assumptions lay behind our historical conception of a university: I) the library; 2) a community of 
scholars (formed around library) drawing on each other’s knowledge in different disciplines; 3) teachers 
working with small groups of students; and 4) offering a period of schooling; helping one to transform 
from adolescent to adult, and granting a credential for entering work. 

Information technology is undermining these assumptions. Consider each in order: I) Digital libraries will 
soon become a reality and will make the content and services of libraries available at every desktop. The 
unique role of a university library will disappear. 2) As the quantity of scientific records has increased, 
more scientists have become specialists of increasing depth in narrower fields. The university has 
fractionated into specialties in departments and sub-departments. The local community of scholars has 
been replaced with a professional community of specialists around the nation and the world, held together 
by telephone, fax, Internet, and conferences. The individual has become the representative of the specialist 
community on campus. Most educational technologies developed to date are tools to help the "solo 
individual" navigate in a complex world of specialties; few of these technologies promote the kinds of 
local community that used to characterize the university. 3) Mass education has largely done away with 
the small undergraduate class. A typical class costs close to $40K to produce and often requires 40 
students just to break even. Commercial firms are beginning to make education offerings at prices lower 
than universities, and with stronger promises of certifiable competence (e.g., Novell network engineer). A 
few examples already exist of a master teacher leveraging himself effectively for thousands to tens of 
thousands of students, and more of this can be expected as entertainment moguls meld their skills with 
those of flamboyant professors. 4) Specialties change so rapidly that most people can expect to change 
careers every 5-10 years during their working lives. It is no longer true that four years of university 
prepares one for life. This is producing a massive growth of interest in professional education that 
universities are unable or willing to accommodate. 

Our immediate response to these threats has been to invest more heavily in information technology at 
universities. This provides temporary help but does not change the underlying phenomenon, which is that 
information technology is rendering the university obsolete. 

What roles can universities fulfill that people would find valuable? How do we begin to position ourselves 
for these new roles? I think these are important questions that few of us are examining. Every one of us 
must think deeply about these questions. I suspect that we are underestimating the speed at which the 
traditional university is approaching its disintegration. I see at least two new roles for the university: 

Professional education: The university can extend its educational offers for the 45 years of professional 
life people will have, and not focus primarily on the four years immediately preceding professional life. It 
can offer smaller programs, say one year in length, leading to certificates of competence. People will 
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market themselves by an evolving portfolio of certificates rather than as the holder of a BS, MS, or Ph.D. 
degree. These programs can reach into much higher levels of competence than now covered by any 
university program - e.g., experts, virtuosi, and masters. 

Community building: The university can be a counter-force against the march of increasing specialization 
and fragmentation. It can regain its old capacity to foster community involvement, entrepreneurship, and 
solidarity. 

These suggestions are painfully brief; in my limited space here, I intend only to point a direction for 
future, in-depth investigations. 

Effective Teaching in the Age of the Internet 

In the last few years, effective teaching has come to occupy a high place in the concerns of every faculty 
member, as it should. Our notions of teaching are strongly influenced by our notions of learning, which 
have been heavily imbued with vocabulary from information technology and cognitive science during the 
past generation. In my mind, the customer-relation problems I discussed earlier are not caused by 
inadequate understanding of learning, but by inadequate understanding of teaching. The rapid advances of 
information technology have exacerbated them, which draw attention to the processes of learning. 

How many of you as teachers have been offered training (or even forums) in teaching effectiveness at any 
time in the past five years? Ten years? Did you accept the offer? When I ask these questions I find there 
are few "yes” to the first two and even fewer to the third. 

I suggest that we as a profession undertake an investigation of effective teaching in the age of the Internet. 

I use the phrase "way of the teacher" to describe the attitudes, skills, and practices of the effective teacher. 

I will offer a glimpse of what these are and how we might learn them. 

The Way of The Teacher asks us to think deeply about who we "are" as professors and who we need to 
become in order to be capable of educating people for competent life and work in the If century. Before 
we can say who we must become, we need to understand who we are now. We are specialists who like to 
congregate with our professional communities, who are other scholars like ourselves. Although we admire 
or loathe the giants of our industry (for example, Allen, Andreesen, Cerf, Clark, Frankston, Gates, Gilder, 
Joy, Kahn, Lynch, Metcalfe, Moore) we do not move in their circles; we orbit them, not they us. Many of 
us feel increasingly disconnected from their world; we do not know how to move in it. We see our jobs as 
teacher to transmit information to students; we are the authorities who choose what to transmit, verify 
that it has been received, and generate more of it through our research. We do not see students, parents, 
and employers as customers; only funding agency program managers routinely command this treatment. 
We focus a lot on teaching process and look to cognitive science for "laws of learning" that we can use to 
optimize the process and support through information technology. I suggest that most of the breakdowns 
that frustrate us and leave us unsettled are related to this information-oriented way of being. 

Stephen Covey tells the story of a businessman who went to Chicago to close an important deal. He drove 
his rented car from O'Hare toward downtown, confident that the detailed map and directions from his 
associate would get him there on time. Within a few minutes he began to get confused, for he was unable 
to match the expressway exits to his map and directions. He got off the expressway but could not locate 
his position on the map. He called his associate, who said to him, "Your problem is that you gave up too 
easily. Get back in your car and try harder." And so he did. He tried harder. He continued driving through 
Chicago's streets, utterly unable to match his position with the map. After a while he became very angry. 
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He again called his associate, who now said to him, ”Hey what are you getting mad at me for? I faxed 
you a great map. Your problem is your attitude. Fix your attitude and you will get here.” And so he tried 
to improve his attitude. He was hopelessly lost with a smile. He spied a sign to O'Hare, drove there, and 
returned home without the deal. The next day he told his secretary the said tale. She asked to see the map. 
“Omigosh!”she exclaimed, “This is a map of my hometown, Detroit! They faxed you the wrong map!” 

And so it is with teaching. No amount of trying harder or attitude adjustment is going to help us become 
more effective as teachers in Chicago, or more involved in the dynamics of the computing industry, if we 
are trying to find our way with a Detroit map. 

I suggest that the way of the teacher begin with a map of the human being, not a schematic of an 
information-learning process. A new map can rest on premises such as the following six: 1) We are 
beings who construct narratives about ourselves and those around us based on our experiences and on 
conversations we have had with others. 2) We coordinate, communicate, and learn in language. 
Breakdowns - events that interrupt our progress toward our goals - are the moments at which we do most 
of our learning. 3) Learning in the workplace is hardly different from learning elsewhere. 4) The Internet 
is a communication space that vastly enlarges the scope of those whom we can talk with and transact 
with, and also enlarges the number of breakdowns that we encounter and the kinds of things we can learn. 
5) Technology is equipment and tools that augment human capabilities and enrich the space of actions we 
can take together. 6) Design is a conversation we have with others in which we plan and describe 
technologies that may be implemented and put to practice. 

I speculate that from these interpretations we can build a new way to approach the bases of effective 
teaching. Education, communication, reading, listening, seductive writing, trust, compassion, fear and 
self-esteem, service, assessment, diversity, seriousness, humor, invention, innovation, historical 
sensibility, coaching, educational technology, professional education, and lifelong learning - a new map 
for teaching. The goal of such an investigation would be power a new map showing effective teaching as 
a set of skills and practices that can be learned, not a gift given to a few select teachers. 

Summary 

1. The field of CS&E is making good progress in responding to complaints from our customers 
about what we are teaching our undergraduate students. 

2. The field of CS&E still has much work to do on current trouble spots: to integrate research with 
undergraduate education, to reduce the "unit cost" of teaching courses, and to define and test for 
competence. 

3. In concert with other fields, CS&E must participate in serious investigations of new trouble spots, 
which will pose even more serious challenges than the current trouble spots: 

The factors, arising from information technology and the large increase in scientific information 
that are dismantling the assumptions underlie the university as an institution. Among the possible 
new roles of universities are professional education and cross-disciplinary community building. 

The need for a "map" of effective teaching in the age of the Internet and for training of 
teachers. Effective teaching can be approached as a set of skills and practices that can be learned, 
not as a gift given to a select few. This map would shift attention from the teacher as a facilitator 
of information processes to the teacher as cultivator of competence in human beings. 
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Engineering Technology Education 
(Bachelor of Science or Four-Year Degree Component) 

Don K. Gentry 

Dean of Engineering, School of Technology, Purdue University 
West Lafayette, Indiana 

Engineering Technology programs are relatively young in the overall developmental history of higher 
education in the United States. Their growth and development resulted from an evolution of social, 
economic, and technological events, including defined needs of industry. Engineering education in the 
U.S. was generally patterned after the Ecole Polytechnique of Paris, France, founded in 1794, the first 
school to prepare professional engineers. The Rensselaer Polytechnic Institute was founded in 1824, 
becoming the first institute of its kind in the United States. 

The industrial revolution in the 19th Century greatly expanded the need and scope of engineering 
education in the U.S. and continued the movement leading to the creation of engineering technology 
programs. The “Land-Grant College Act” Cff the “Morrill Act” of 1862 greatly expanded the number of 
institutions offering engineering programs and made engineering education a major part of public higher 
education. The mechanical engineering programs that developed under this movement were the genesis of 
many engineering technology programs operated at major institutions today such as Penn State, Purdue, 
and Texas A&M. 

Many technical institutions were developed in cities across the U.S. under the federal war training 
programs developed during and following World War II. This movement created training programs for 
the defense industry nee(is. These programs remained in many cities at the end of the Act to form the 
nucleus for education programs that contributed to the development of engineering technology programs. 
The Servicemen's Readjustment Act of 1944, which provided for 48 months of education and training for 
all World War II veterans, also played a major role in the evolving education program not yet named 
engineering technology. 

Another development that had a dynamic impact on the growth and development of the current programs 
called fengineering technology’ was the creation of community colleges in this country. Many two year 
programs in engineering technology today are operated through this educational delivery system. These 
programs had the advantage of responding quickly to the needs of industry and reaching regionally bound 
students. 

Many engineering technology educators point to the Grinter Report issued in 1955 and the launching of 
Sputnik as the basis and emphasis for the development of four-year engineering technology programs. 

Dr. L. E. Grinter, former Dean of Engineering at the University of Florida and Chairman of the 
Engineering Education Evaluation Committee, which proposed a bifurcation of the engineering 
curriculum in the preliminary report but excluded such language from the final report, later summarized 
the situation clearly in an article written for XhtJournal of Engineering Technology: 

“Engineering faculties ... were unable to agree with the concept of bifurcation of 
engineering curricula. The committee i objective was to provide a dual choice [within 
engineering schools] for each student of either a scientific or a more pragmatic orientation 
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of his program in engineering. Nevertheless, the natural forces of student desire and 
employer need; have brought about a nearly complete solution through the development of 
four-year [engineering technology] curricula. Finally, we can see so much future 
development of computer-aided research ... that the extraordinary growth of enrollment in 
engineering and [engineering technology] curricula may seem a wise preparation for 
expanding future industry.” (L. E. Grinter, Engineering and Engineering Technology 
Education, Journal of Engineering Technology, March 1984, 1 (1): 6-8). 

From these early events in the evolution of engineering technology comes a set of basic beliefs or 
principles from which the programs have developed. 

Founding Principles that have made Engineering Technology Successful 

I presented a paper at the 1994 ASEE Annual Conference on the principles that have made Engineering 
Technology successful from its beginning. Those comments were condensed in aLast Word article for 
the February 1995; ASEE Prism entitled “Stay the Course.” 

“The engineering technology programs: 

• emphasize the teaching of industry-standard technological information and skills; 

• prepare graduates to be immediately productive in society; 

• integrate general education and technical courses within the curriculum; 

• provide application-oriented instruction and are laboratory based; 

• apply mathematics and natural science as an integral part of the learning environment; 

• place a strong emphasis on communication skills - both oral and written; 

• focus primarily on analyzing, applying, integrating, implementing, and improving existing 
technology and the practice of these skills; 

• provide for problem solving, lifetime learning, and teamwork skills; 

• are taught by faculty with industry experience as well as with appropriate academic 
preparation for the field; and 

• are responsive to changing market demands. 

These principles for engineering technology education are as reliable today as they were 35 years ago. In 
fact, business and industry may even recognize the importance of these traits and skills in our graduates 
or products more today than ever before.” 

The Spectrum of Engineering Education 

As the field evolved, much time and effort has been spent defining the field. Few fields of education have 
been more studied or had more reports issued on their development. One such report, “The Engineering 
Technology Education Study - Final Report” issued in 1972 defined engineering technology as: 

“Engineering technology is that part of the technological field that requires the 
application of scientific and engineering knowledge and methods combined with technical 
skills in support of engineering activities; it lies in the occupational spectrum between the 
craftsman and the engineer at the end of the spectrum closest to the engineer.” 
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The field continued to evolve and grow and in 1992 the Engineering Technology Council (ETC) of the 
American Society for Engineering Education (ASEE) adopted the following definition that is used in 
practice today by the Technology Accreditation Commission (TAC) of the Accreditation Board for 
Engineering and Technology (ABET) to define engineering technology programs: 

“Engineering technology is the profession in which a knowledge of mathematics and natural 
sciences gained in higher education experience and practice is devoted primarily to the 
implementation and extension of existing technology for the benefit of humanity. Engineering 
technology education focuses on the applications aspects of science and engineering aimed at 
preparing graduates for practice in that portion of the technological spectrum closest to the 
product improvement, manufacturing, and engineering operational functions.” 

The place of engineering technology in the spectrum of job functions in industry was best defined by 
Robert L. Mott, Associate Dean for Engineering Technology Programs, University of Dayton, in an 
article in the Fall of 1992 issue of ihsJournal of Engineering Technology. 

Figure III.1 
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Spectrum of Engineering Technology and Engineering Job Functions in Industry. 



Graduates of bachelor of science degree engineering technology programs are employed across the 
technological spectrum, but more prominently in applications, implementation, and production-oriented 
positions, as well as in technical sales and customer service. 

The word “engineering” is used as a noun when describing engineering programs in academic institutions 
or by association boards, and as an adjective when describing technology programs. The word “engineer” 
is used in industry to generally denote the function of the position or the job, such as design engineer, 
process engineer, manufacturing engineer, production engineer, sales engineer, or service engineer. 




•61 • 



66 



Therefore, the spectrum of engineering is very relevant to the understanding of the field and how the 
graduates are utilized in industry. 

Continuing Challenges for Engineering and the Role of the National Science 
Foundation 

Many of the issues identified in the 1986 National Science Board report, Undergraduate Science, 
Mathematics, and Engineering Education (NSB 86-100), continue as issues today. Although much 
progress has been made through National Science Foundation and other federal programs, the following 
issues are identified for continued focus: 

Students 

• Preparedness of entering students, specifically in the areas of mathematics and science continues 
to be a concern identified by engineering technology educators; and 

• The need to provide applications-oriented educational programs beyond the baccalaureate degree 
for bachelor of science degree engineering technology graduates. 

Faculty 

• Acquiring faculty with appropriate academic preparation and industrial experience; 

• The need to develop incentives and rewards for faculty who teach comparable to those who do 
research; 

• Need to develop more Master's Degree Programs to provide faculty for technology institutions. 

Instructional Delivery 

• The continued growth of the global economy and the rapid expansion of technology will continue 
to impact curriculum development, and points to the need for the development of an adaptive 
workforce with the capability to learn throughout their careers; 

• The Advanced Technological Education program - the need to recognize the important role that 
can be played by four-year institutions in the overall improvement of engineering technology 
programs in relationship to two-year institutions. Some of these roles are: 

• to use four-year programs as model showcase sites for laboratory and curriculum 
development; 

• the development of model curriculum for two-plus-two programs; 

• faculty professional development centers; and 

• to model the use and implementation of ever-changing technology. 

• Partnerships and outreach programs to business and industry will continue to be a major key to 
the future growth and success of the undergraduate programs. More replication of successful 
models needs to be supported. 

• Sustaining the high quality laboratory base of programs while facing the combined forces of cost 
escalation and rapidly changing technology is a major concern of all engineering technology 
institutions. The National Science Foundation^ Instrumentation and Laboratory Improvement 
program needs to develop a much larger role in supporting this effort. 
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None of these challenges is insurmountable. The engineering technology community is prepared to work 
with the National Science Foundation and others to find the most appropriate solution to these and other 
continuing concerns. The greatest impact will be felt when we all target mutually agreed upon solutions. 
Engineering technology educators greatly appreciate the recognition of our programs by being included in 
your deliberations. 



Don K. Gentry has been a faculty member and administrator in the Purdue University School of Technology for 
14 years; has served as Dean since 1987, is an active member of ASEE, campus representative for the 
Engineering Technology Council (ETC); and a board member of the Engineering Technology Leadership 
Council (ETLC). He holds a B,S. and M,S, from Purdue University and a Doctorate of Education Administration 
from Indiana University, lie has had over 30 years of experience in education. 



Appendix 

Scope of the engineering technology programs today: 

• As of October 1994, 173 institutions operated 450 TAG- ABET accredited associate degree programs 
and 113 institutions operated 320 bachelor of science (B.S.) degree TAC-ABET accredited programs 
Two-birds of the B.S. degree programs were in the electrical/electronic, mechanical, and 
manufacturing disciplines. 

• Over 6,500 Engineering Technology B.S. degrees were graduated from TAC-ABET accredited 
institutions in 1992-93, while the total enrollment in B.S. level engineering technology programs was 
36,871. 

• The largest public institution producers of B.S. degree graduates are: Purdue University in West 
Lafayette, Indiana, and Southam College of Technology in Marietta, Georgia. The largest private 
institutions are the DeVry Technical Institute System, operating in seven states, the Wentworth 
Institute of Technology in Boston, Massachusetts, and Rochester Institute of Technology in 
Rochester, New York. 



Enhancing Science, Mathematics, Engineering and 
Technology Education at the Two-Year College 



Durward R. Huffman 

President, Northern Maine Technical College 
Academic Officer, Maine Technical College System 
Presque Isle, Maine 

It has been gratifying in recent years to observe the increased interest and leadership, especially at the 
two-year college level, that the National Science Foundation has placed on science, mathematics, 
engineering and technology education. This significant leadership role and emphasis is evidenced by such 
publications from the Division of Undergraduate Education (DUE), Directorate for Education and Human 
Resources as shown in the attached bibliography. DUE’S major programmatic areas of Instrumentation 
and Laboratory Improvement, Curriculum and Course Development, Undergraduate Faculty 
Enhancement, NSF Collaboratives for Excellence in Teacher Preparation, and Advanced Technological 
Education are critical leadership initiatives for enhancements in two-year educational programming. It is 
very important for all of these initiatives to continue, with periodic reviews and enhancements as needed. 
The information and recommendations contained in a number of NSF publications listed in the 
bibliography have been and will continue to be beneficial to administrators and faculty of two-year 
colleges. Director Neal Lane's interview published in the September 19, 1995 jCommunity College Times 
is again indicative of NSF's leadership's view of the importance of two-year education in preparing highly 
qualified technicians and technologists for the future workforce. 

The individuals comprising the engineering and science technician segment of America^ workforce are 
typically expected to have an applied background with a theoretical base at a level that enables those 
technicians to be productive at or shortly after employment. The rate of change of technological 
innovation and the integration of these new concepts into curricula offerings necessitates frequent 
updating of these programs. The rate of change is illustrated in part by the comments of Sir Robert 
Telford, Life President of Marconi Cie, in his keynote address to a 1994 conference mixil^dTechnologies 
Role: New educational potential and obstacles of distance and flexible learning infrastructures in the 
context of regional development^. He began his address by stating that, “The success of a 
company/country is a function of the sum of the competencies of the employees/populations.” He also 
provided information about his recent visit to a Marconi plant in Italy and noted the following interesting 
facts: 

• The products that the plant was producing in 1990 had been replaced with new products; 

• In 1992, one-third of the orders were for products that did not exist two years earlier; 

• Production time has been cut drastically. A couple of years previously, where it had taken 40 
minutes to assemble a mobile phone unit; it now took 12 minutes; 

• Employees operating the microelectronics production line are required to have university 
degrees; 

• Knowledge is doubling every 10 years; 

‘ Telford, Sir Robert, The role of education and training as a strategy for a regional development policy. What 
are the criteria for success and/or failure? Keynote Address for Technologies Role: New educational potential 
and obstacles of distance and flexible learning infrastructure in the context of regional development, Nancy, 
France, May 1 994. 
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• There is an increasingly higher level of competition; and 

• There is a shift to a lifetime of learning 

Such rapid change requires graduates capable of learning new material independently and quickly. 
Students in their college work must develop these skills. Hence, pedagogical methods involving various 
media sources, including the Internet, must continue to be integrated into the learning process. Therefore, 
it is important for initiatives to encourage institutions and faculty to continue to develop and disseminate 
new methods to foster independent experiential learning. Advisory committees continue to communicate a 
need for additional knowledge and skills in the various areas external to the major discipline and within 
the discipline as a result of new technology and/or methods in the workplace. In the hodkFuture Tense^ it 
is noted that the following traits in an individual's skill portfolio will help that individual succeed in the 
organization of the future. 

• Reasoning. Can these young people think straight? Can they tell stories that make sense? Can 
they develop logical arguments? 

• Communication. Can they read, write, talk, present, listen, respond, and sell an idea? Three 
of these are good, five, great, and seven exceptional. 

• Cross-cultural skills. Can they deal with diversity (race, gender, religion, ethnicity, culture, 
physical attributes, functional areas, training, and background)? 

• Global experience. Have they been outside the United States? Can they speak a second 
language? Are they keen to try? 

• Team orientation. Have they performed in a musical or theater group? Did they play team 
sports? Can they play on teams? What role do they like on teams? 

• Technological literacy. Do they have a core of technologies they can use or learn, 
particularly computer and communications technologies: PCs, local area networks, e-mail, 
work processing, and spreadsheets? Are they interested in new technologies as tools? 

• Track record of achievement. Have they had successes in any field? What are the interests 
that motivate them? How do they feel about success? 

• Quick study. What can they learn? How fast? Do they seek out learning situations? 

A comprehensive task force within the Maine Technical College System, identified in its report. Skills For 
The 2Ist CenturyS has reached similar conclusions 

Engineering technology programs accredited by the Technology Accreditation Commission of the 
Accreditation Board for Engineering and Technology (TAC of ABET) generally have program criteria 
developed by the responsible professional society. These criteria along with the general criteria for 
accreditation by the TAC of ABET establish a minimum standard for these programs. Over the years, 
the credit hour content of many of these programs has continued to creep upward. Recognizing the heavy 
student workload, some programs have reduced the required number of credit hours to make the program 
more attractive to students while incorporating advances in technology. Others have addressed these 
concerns be expanding some two-year engineering technology programs to the baccalaureate level. A 
third alternative under consideration by others is to offer an advanced post-associate certificate for 
technical workers to provide the expanded knowledge and skills needed by their employers. 




^ Morrison, Ian and Schmid, Greg, Future Tense: the business realities of the next ten years . William Morrow 
and Company, Inc. New York, NY, 1994. 



In my letter of August 4, 1995, to Dr. Watson, I referred to the result of the foregoing pressures as 
curricula compression. This presents a formidable challenge to faculty and administrators given the 
typical problems of eroding resources, academic preparation of entering students, and others as listed on 
page 22 of Technical Education in Two-Year Colleges^. 

Another major concern exists with the transition to the information age economy and the downsizing of 
many businesses. This has negatively impacted the availability of jobs for technical workers in various 
areas of the nation. While NSF is not directly engaged in economic development initiatives, it is 
important to recognize these economic conditions and to encourage economic development activities by 
various agencies of federal and local governments. 

The importance of the appropriate level of academic competencies of incoming students is worthy of 
special note. Tech Prep and other initiatives at the secondary level are helping. Continued emphasis by 
appropriate government agencies should be directed toward the successful existing initiatives, toward 
teacher preparation programs and toward professional development activities to assure appropriate 
academic achievement by students at the secondary school level. Associated with the secondary school 
activities is a need for guidance counselors to understand the opportunities available to science and 
engineering technicians and technologists and the academic preparation required for these careers. 
Appropriate counseling and encouragement would assist many students in being better prepared 
academically to enroll and be successful in these curricula at the two-year college. 

From my perspective, there will be a need for continued improvement and/or revision of teaching 
techniques for the foreseeable future to continue to incorporate technological changes into the teaching 
and learning process. Until there is substantial improvement in the economies in many states and/or 
regions of the nation, resources at the local level will continue to be limited. Consequently, the continued 
leadership of NSF is most important in such initiatives as the ATE program and dissemination of the 
results of promising practices. Efforts based on the results of such initiatives as well as work previously 
disseminated can be most useful to two-year mathematics, engineering technician and science technician 
programs. Please continue these programs, expand into other activities that look promising, and 
encourage other government agencies and/or departments to support the technician segment of the 
workforce of American. 

Thank you for the opportunity to offer this testimony. 



Durward R. Huffman serves as president of Northern Maine Technical College, one of seven colleges in the 
Maine Technical College System, lie also serves as the academic officer for the system. He has technical 
college administrative experience at all levels and has taught at both associate and baccalaureate levels. He has 
an Ed.D. in higher education from the University of Sarasota; a masters degree in electrical engineering from 
the University of Colorado; and a bachelor of science degree in electrical engineering from Heald Engineering 
College. He is a registered professional engineer, and his industrial experience includes the design of electrical 
power systems and process control systems. He holds professional membership in the American Society of 
Engineering Education, the American Technical Education Association, and the Institute of Electrical and 
Electronics Engineers. He is presently serving as a member of the Community and Worlforce Development 
Commission of the American Association of Community Colleges and is active in various community 
organizations. His activities in accreditation include service on regional teams and on T AC/ ABET teams He has 



^ Burton, Lawrence and Carin A. Celebuski, Technical Education in 2-Year Colleges, HES Survey Number 17, 
NSF, Division of Science Resources Studies, 1995. 



served as chair of the Technology Accreditation Commission of the Accrediting Board for Engineering and 
Technology and is editor-in-chief of the Journal of Engineering Technology. 
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Undergraduate Education in Chemistry 
Ernest L. Eliel 

Professor of Chemistry, University of North Carolina at Chapel Hill 
Chapel Hill, North Carolina 

I believe it is worth stating at the beginning that undergraduate education in chemistry in the U.S. is in 
quite good shape overall, thanks to the operation of the American Chemical Society's Committee on 
Professional Training (CPT) over some 60 years. Students in the approximately 60 percent of U.S. 
chemistry departments that are ACS approved (about 90 percent of all undergraduate chemistry majors) 
are well prepared for continuing graduate studies in chemistry as well as many areas of molecular 
biology, polymer and materials science, environmental science etc. Provided, of course, they follow the 
ACS approved curriculum. (Only about 50 percent of chemistry majors do.) The possibility of 
specialization in the last two years of study, e.g. in biochemistry, environmental chemistry, polymer 
science, etc. now provided in the approved curricula has enhanced their value. It is less clear if these 
curricula prepare a chemistry B.S. well to enter directly into industry. Our industrial colleagues complain 
about problems in oral and written communication, lack of experience with teamwork, and lack of 
knowledge of industrial needs and practices. 

While chemistry curricula for chemists may need no more than fine tuning, it must be remembered that 
the majority of students taking freshman and sophomore chemistry are not chemistry but biology majors, 
pre-pharmacists or pre-medical students. The needs of that majority may not be the same as those for 
chemists. 

Finally it must be said that the standard freshman chemistry course is not particularly suitable as a 
terminal course for majors in the humanities, fine arts or social sciences who need a science course to fill 
a distribution requirement. Few such majors take chemistry; they tend to prefer biology, geology, or 
psychology. As a result - and especially - if they are among the 45 percent of all students who have 
evaded chemistry in high school ~ they may never learn about the chemistry (food, materials, 
environment, etc.) that is so important in everyday life. 

Suggestions 

1. A number of departments have adopted a sequence of one semester of general chemistry 
followed by two semesters of organic chemistry and one semester of more advanced general- 
inorganic-analytical-physical chemistry - such a sequence may be preferable especially for 
those not majoring in chemistry. 

2. A course of the type based on "Chemistry in Context" should be taught for non-science 
majors. 

3. CPT requires 400 hours of laboratory. This requirement should not be shaved. In general, 
U.S. students are not as proficient in the laboratory as students from Switzerland, Germany, 
and many other countries are. 

4. A seminar course for seniors would assist them in acquiring ability with oral presentation of 
ideas. 
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5. The grading of laboratory notebooks and reports should be done with care and thoroughness 
and should include correction of bad English. 



6. It is strongly recommended that chemistry majors be involved in research projects, at least 
during their senior year. 

7. Co-op programs are ideal for acquiring familiarity with industrial operations (including 
teamwork). Short of that, a chemistry major might profitably spend one or two summers in 
an industrial laboratory. 



Ernest L, Eliel is W. R. Kenan Jr. Professor emeritus in the Department of Chemistry, University of North 
Carolina at Chapel Hill His research interests are in the area of organic chemistry, especially stereochemistry. 
In the latter area he has authored, co-authored and edited several influential books, including Stereochemistry 
of Carbon Compounds (McGraw Hill, 1962), Conformational Analysis (W/ey, 1965), Topics in Stereochemistry 
(21 volumes, Wiley, 1967-94) and Stereochemistry of Organic Compounds 1994). He is the author or co- 

author of about 300 scientific papers in the area of chemistry. Dr. Eliel has taught undergraduate courses (both 
lecture and laboratory) as well as advanced organic chemistry courses at the University of Notre Dame and the 
University of North Carolina at Chapel Hill over a period of more than 40 years. 
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Strategies for Revitalizing Undergraduate Education: 

A Perspective from Chemistry 

Angelica M. Stacy 

College of Chemistry 
University of California, Berkeley 
Berkeley, California 

I think it is fair to say that I have goals, as do many of my colleagues, for all undergraduate students 
attending our institutions. As the role of science and technology in our lives expands, it becomes 
increasingly evident to us that we need to ensure that students leave our institutions with the scientific and 
technological literacy necessary for them to be able to participate in improving society and to lead 
productive lives. 

In this testimony, I want first to highlight some needs of our society with regard to science and 
technology. Then I hope to paint a picture of the current state of affairs with regard to undergraduate 
education in chemistry. I will follow this with a discussion of some of the constraints placed on faculty 
with regards to their role in chemistry education. Finally, I will leave you with a few key 
recommendations. 

What are the needs of society? 

There is a need for continued development of science and technology, for better living. For example, we 
need a sufficient food supply, non-polluting and renewable energy sources, and a cure for cancer. There is 
a clear need for students educated in science and technology who will spend their careers seeking and 
implementing processes and products to meet the ever-increasing needs of society. As chemists, we have a 
unique opportunity to educate most of these students; they are required to take our first-year chemistry 
course before going on in studies of science and technology. 

Second, there is a need for citizens who are scientifically and technically literate. As the role of science 
and technology in our lives increases, we continually face decisions that require a certain degree of such 
literacy. Should we use pesticides or eat genetically engineered fruits? Are electric cars better? Is vitamin 
C a magic cure? All citizens must have some degree of scientific and technological literacy to use 
technology effectively and make informed decisions. 

What is the current state of affairs in chemistry? 

The undergraduate chemistry curriculum is much the same as it was 30 years ago. The curriculum is 
focused on basic knowledge necessary for advanced studies in chemistry despite the fact that more than 
90 percent of those enrolled in the large freshman chemistry courses will not become chemists, and 
despite the changing needs of industry and the need for better teacher preparation. 

What takes place in our classrooms? 

The methods presently used in most institutions for teaching chemistry involve faculty transmitting 
chemical principles with chalk in hand to large numbers of students using a lecture format. This manner 
of teaching has a long history, with origins in the old European system where the professor describes his 
knowledge from the front of the lecture hall to an eager audience of a generally well-prepared, ethnically 
and culturally homogeneous group of young men. Times have changed. 
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Certainly, a highlight of our curriculum is our laboratories. Students have the opportunity to do hands-on 
experiments. Unfortunately, many of the laboratory experiments offered to the students require merely 
following a recipe from a science cookbook. Furthermore, although the National Science Foundation 
deserves credit for putting some new instrumentation into these laboratories, I would say that still, 
compared with the laboratories at many, many institutions, my kitchen is better equipped. 

The textbooks have grown larger and more colorful, but contain few meaningful descriptions of the 
process of science and applications of the scientific method. The role of science in society and ‘Veal” 
examples of contributions of science to society is absent. Moreover, since a small fraction of faculty 
participates in writing these textbooks, most faculties have little opportunity to define and/or reshape the 
curriculum. 

The exams are written for convenience of grading rather than true assessment of conceptual knowledge, 
and thinking skills. Few of us recognize the impression with which these exams leave the students. Do we 
really want students to believe that all problems are solvable, and moreover, that there is always one 
correct solution? 

While this is the state of affairs in many of the freshman chemistry courses throughout our country, the 
Division of Undergraduate Education at the National Science Foundation has taken a leadership role in 
revitalizing the curriculum. Several major chemistry curriculum reform efforts are underway. Presently, 
there is a substantial community that has emerged and is engaged in building a vision. We want to 
enhance the quality of education that we offer students taking chemistry courses, build consensus 
throughout the entire community regarding this vision, and develop and implement materials to revitalize 
our courses. New technologies are being employed extensively, and research in cognitive science is being 
embedded. 

What constraints are placed on faculty? 

Chemistry faculty continues to be rewarded for research. Not only are activities in education not 
rewarded, but also such activities hold faculty back from promotion because they come at the expense of 
research. Doing a good job in the classroom is perceived to require minimal intellectual effort compared 
with research activities. While strict requirements for review of research are imposed, there is little 
assessment of teaching and, thus, no accountability. In short, tenure and promotion are tied to research. 
Spending time teaching counts against faculty because it takes time away from research. 

Moreover, there is an implicit assumption that having done research in chemistry qualifies a faculty 
member to be an expert teacher. Most faculties walk into their first class with no formal training in 
education. 

Following up on this issue of teacher training, we as a large community of scientists often complain about 
the level of scientific literacy in our Country. Yet, we take little responsibility for educating the K-12 
teachers, and indeed also our future political leaders, business leaders and citizens, who come through our 
institutions. 

There is another major constraint placed on chemistry faculty. If you observe from outside the discipline, 
you will conclude that you need to be white male. Few institutions can claim even one Alfican-American 
graduate student. At the assistant professor level, some institutions have still to hire their first woman. 
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And sadly, some still believe that the women and minorities who have been permitted to enter the 
profession are there only because they belong to underrepresented groups. 

Recommendations 

I strongly believe that systemic curriculum efforts are key if we are to reform chemistry education 
specifically and science education generally. In this regard, the National Science Foundation deserves to 
be applauded for its efforts and should continue these efforts. Although there have been many notable 
small programs in recent years, these programs do not have wide impact, and are not easy to disseminate 
effectively. One reason is that there is no widespread discussion and buy-in that comes with participating 
in the project. The systemic curriculum reform efforts that are underway have engaged many in a major 
rethinking. This is having a huge impact because of the publicity, and the acknowledgments that come 
with having received a major grant. I believe that it is fair to say that the National Science Foundation has 
nearly single-handedly raised the status of scholarship in chemistry education. 

There has been less success regarding diversity. Large segments of the population continue to be 
excluded. Curricular changes may help to increase diversity when course materials are more suitable for 
students from diverse cultural and ethnic backgrounds. But if the most significant changes are to occur, 
the culture in our institutions must change. Those presently on the inside need to reevaluate their 
behavior, their prejudices, and their perceptions, and find effective ways to welcome excluded groups. 

In Conclusion 

Reform efforts will be successful if the value system and reward structure at our institutions are changed. 
Definitions of scholarship that emphasize the central importance of teaching must be embraced. Diversity 
must become more than a slogan. Promoting issues of diversity and the scholarship of teaching will 
require a rapid evolution of institutional and cultural changes championed by enlightened leadership. The 
National Science Foundation's leadership in these efforts is essential if cultural change is to become a 
reality at our nation's institutions. 



Angelica M. Stacy joined the Department of Chemistry at Berkeley as an Assistant Professor in 1983 and has 
been a Professor since 1994. Her educational interests include the development of environmental and 
biologically^relevant chemistry laboratory experiments for freshman chemistry; development of curriculum 
materials using a modular approach to lecture and laboratory, where each module is motivated by an 
overarching question of interest to the students; this serves as a springboard to teach chemical concepts; and 
implementation of teaching methods which emphasize active learning and metacognition and incorporate 
mutimedia tools. Additionally, Dr. Stacy ^ research interests include the synthesis and characterization of new 
solid state materials with novel electronic and magnetic properties; development of new synthetic methods, 
including the use of molten salts for the synthesis of oxide materials; discovery of new layered niobium oxide 
superconductors; synthesis of polymeric transition metal chalcogenides; and studies of cooperative phenomena 
in rare earth transition metal phosphides. 




• 73 * 



77 



Disciplinary Perspectives in Science, Mathematics, Engineering and 
Technology Undergraduate Education: Physics 

Robert C. Hilborn 

Professor of Physics, Amherst College 
President-Elect, American Association of Physics Teachers 
Amherst, Massachusetts 

There is an old Chinese curse: “May you live in interesting times.” For undergraduate science education, 
these are indeed interesting times. With the passing of the Cold War and the arrival of a newly-elected 
majority in Congress, we are all part of a massive re-examination (sometimes explicit, but more often 
implicit) of the role of science and technology in our society and the mechanisms by which society 
supports research and development in science and technology. No one has easy answers to the questions 
of how many scientists and engineers we need as we enter the 21st century and what level of support the 
nation ought to provide for research, development and science education and how should that support be 
apportioned between the public and private sectors. I certainly will not pretend to be able to provide 
answers to those questions here, but I will focus on how these issues bear on undergraduate science 
education and undergraduate physics education in particular. In fact, I will argue that these “interesting 
times” are more a blessing than a curse for all of undergraduate education. They force use to address 
fundamental problems, some of which have been with us for decades. 

For all of those concerned with the health of physics, both as the foundation science for the education of 
scientists, engineers, and a scientifically-literate citizenry, and as a key link in the development of the 
entire scientific and technological enterprise, the dilemmas we face have many horns. I have grouped my 
remarks into six categories. After discussing these categories I will address the issue of how the National 
Science Foundation can best help the scientific community grapple with these problems. We face several 
qualitatively new challenges: 

1 . The lessons of physics education research. 

2. The lessons of research in physics education. 

3. The crisis of careers. 

4. The dilemma of diversity. 

5. Preparation of the future professoriate. 

6. Implementing what works. 

In addressing each of these challenges, I shall focus on physics because that is the field I know best, but I 
believe that what I have to say applies equally well to all undergraduate science education. 

Physics Education Research 

Thanks to the widespread efforts of many physicists working in physics education research (the study of 
how real students learn and how real teachers teach, and the relationship, if any, between the two). We 
now have overwhelming evidence that the standard introductory physics courses dominated by lectures 
and cookbook-type laboratory exercises, succeed only with the most highly motivated and best-prepared 
students, and even with those students the gaps in their conceptual understanding rivals the budget gaps 
of Washington. Our standard approaches to teaching, like our standard approaches to budget making in 




• 75 * 78 



Washington, just seem to widen the gap between what we want to achieve and what the outcome actually 
is to exacerbate the problem. Introductory physics instructors suffer a kind of pedagogical schizophrenia; 
they want to provide students with a solid and broad grounding in fundamental principles and techniques, 
but they also want to let students know about contemporary issues and excitement in physics. No one 
claims to know how to do both in the standard two-semester introductory course. 

Research in Physics Education 

Within the last ten years the science teaching community has developed a remarkable consensus of ‘Svhat 
works,” the theme song of Project Kaleidoscope. We know beyond any reasonable doubt that engaging 
undergraduate students in active learning and active research, in close contact with faculty and other 
students encourages students of all kinds to continue toward a career in science. This engagement takes 
several forms: 

• Instruction that keeps students active in the classroom working on problems and questions 
and laboratory exercises with each other aids conceptual understanding, problem solving 
abilities, and students’attitudes towards science. 

• Early participation in scientific research in close association with faculty members and other 
students is a strong motivator for those who stay on in a scientific career. NSF has clearly 
played a major role in this area with its support of URE and RUI programs, but the Pew 
Charitable Trusts, Research Corporation, and the Howard Hughes Medical Institute have 
been important players as well. 

• The appropriate use of technology can enhance active learning even in large ‘lecture” 
classes. Interconnected small computers provide a focus for small group discussions with 
immediate feedback to the students and to the instructor about the range of answers. The use 
of spreadsheets has provided a means for numerical computation with almost no 
programming and permits even introductory students to produce sophisticated graphs and 
curve-fitting. Digital video-processing provides means to study realistic applications of 
Newtonian mechanics. We also know that some kinds of technology are not very effective: 
computer simulations of experiments easily done in the lab are the work of the devil. Science 
is about understanding the natural world, not a computer simulation of the world. Computer- 
aided instruction, at least in its traditional implementation, both isolates students from one 
another, and is also extremely time-consuming to develop. 

The Dilemma of Diversity 

The face of science is changing. The number of women and minorities in science has increased 
dramatically in the last 10-20 years. This is a very positive sign for physics and all the other sciences. 
But we have a long way to go. The science professions are still not making use of the full spectrum of the 
nation^; talent. This is bad for the science professions and bad for society as a whole. Most professional 
career decisions are made at the undergraduate level, so we must all focus our attention here. 

But there is also another kind of diversity - a diversity that cuts across the lines drawn by gender and 
ethnic background - a that is much more important for our concerns in undergraduate science education: 
this is the growing diversity in the backgrounds and experiences students bring to their college-level 
courses. If we could afford to teach all introductory science courses in sections of 20-25 students, we 
could handle the problem. But we dont and, at least during our teaching lives, we probably never will. 
Therefore, any introductory physics course that fails to acknowledge that diversity and the design of 
teaching strategies to deal with that diversity is bound to miss the mark. 
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A related diversity issue is the future impact of the National ScienceStandards and related projects, such 
as the National Science Teachers Association^ Scope, Sequence and Coordination and the AAAS 
Project 2061, on the science preparation of secondary school students. All of these standards efforts are 
still in a period of gestation, and it is too soon to tell what impact, if any, these programs will have on 
what students bring to their college-level courses. The past ten years have shown signs that high school 
science and math is progressing. The percentage of students taking chemistry has risen; the increase for 
physics is smaller, but still evident. 

Crisis of Careers 

Job prospects for doctorates in academe and basic research range from poor to miserable. The shortage 
of scientists and engineers predicted in the Neal report never materialized for a host of reasons, most of 
which could not have been foreseen at the time the report was written. As a consequence, the physics 
community is beginning to re-examine the structure of Ph.D. and Masters programs to make physics 
graduates more employable. Similar efforts are beginning to emerge at the undergraduate level for 
example in numerous physics and cross-disciplinary programs (physics and engineering, physics and 
business, physics and computer science, for example). Although I applaud these programs, I believe that 
to some extent they miss the crucial issue. Physics programs already prepare physicists for a wide 
variety of careers. For example the October 1994 issue of Physics Today provides an impressive listof 
the diverse careers of physics majors graduating from Haverford College. The crucial points are ones of 
career counseling - letting students see the wide range of career possibilities and reducing the strong bias 
toward graduate education, aiming only for a career in basic science. NSF plays a role here. For 
example, as part of a grant application, I filled out some NSF forms that asked how many of our 
undergraduate majors went on to graduate school in physics? With the clear implication that the more, the 
better. We also need to change our language. For example, the physics community traditionally talks 
about “traditional” (academic jobs and basic research jobs in industry and the national labs) and 
‘hontraditional” employment. In fact, it has never been the case that more than approximately 40 percent 
of physics doctorates have taken academic and basic research positions. 

Preparation of the Future Professoriate 

Graduate education in science has traditionally focused solely on research. Undergraduate programs 
focus on preparation for graduate school. Neither has provided much in the way of professional training 
for those who aim to teach. As a consequence we teach as we were taught without much recognition of 
what has been learned about science pedagogy. This feedback system then tends to reward those who can 
learn best with traditional lecture instruction, thereby contributing perhaps unintentionally to the 
dichotomy between the scientific haves and have nots. Support and training for new faculty members and 
teaching assistants (the forgotten teaching force in undergraduate education) informing them of the results 
of science education research and new pedagogical methods must come at all levels: individual 
departments, colleges and universities, professional societies, and federal agencies. 

Special attention needs to be paid to two-year college faculty, who, for example, teaches almost half of 
the nation^ students who take calculus-based introductory physics. These faculty work often in very 
small departments with very little professional contact with other faculty members in their discipline. 
Programs such as the AAPT TYC21 program supported by NSF are needed to help develop both the sense 
and the reality of professionalism for this important group of science educators. 

Undergraduate science education is also crucial for prospective K-12 teachers, with special needs and 
problems for K-8 teachers who must be prepared to teach a wide range of disciplinary materials. 
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Developing curricular materials such as NSF sw^^ori^APowerful Ideas in Physical Science, which allow 
the teachers to learn science as they will teach it, with an emphasis on hands-on projects that cut across 
the traditional disciplines, is of crucial importance. 

Implementing What Works 

There is a two-fold problem here: First, the new pedagogy is at odds with the standard “fire hose” pace of 
what passes for teaching in most introductory courses. The demands for “coverage” outweigh the 
demands for conceptual understanding and true learning. To complicate matters, many of the innovative 
pedagogical strategies still focus on the standard topics of introductory physics, particularly mechanics 
and electromagnetism. There are only a few brave efforts to apply the new pedagogy to twentieth century 
physics, though we are beginning to see some efforts in this direction. Indeed we will soon need to think 
about the physics of the 2 1 st century. 

The second problem is what I might call Newtb First Law: The Law of Institutional Inertia. Research 
universities see graduate science education and research as a source of both prestige and cash. For them 
undergraduate science education is an unruly and sometimes aggravating stepchild. Even comprehensive 
universities and four-year colleges are not immune to the “glamour” of research over education. We still 
talk about teaching “loads” and research “opportunities.” I urge NSF to use its bully pulpit for renewed 
focus on undergraduate education. We need to remind (or convince) researchers and university 
administrators that their efforts in undergraduate education will in the long run help graduate education 
by providing them with better prepared students and more thoughtful support for research with a well- 
informed citizenry. 

But reforming undergraduate education is often expensive at least in terms of one-time capital costs. 
Setting up a Workshop Physics program to service several hundred introductory physics students would 
cost several hundred thousand dollars. What we need is a way of recognizing the fact that the equipment 
will be used by those students and succeeding classes of students for hundreds of hours. The cost per 
student-hour is then quite modest. Is there a way that NSF can assist financially in this endeavor? 

How are reforms to be promulgated and made effective? I argue that most science faculty members feel 
more loyalty to their profession than to their home institution - and are more responsive to ‘"pressure” 
from the profession than the home institution. (If the Dean says so, we do it reluctantly - if the profession 
moves in a certain direction, we join in enthusiastically). Thus I believe that NSF and other groups 
seeking to implement effective reforms in undergraduate science education will need to work closely (as 
they have already in some cases) with professional societies such as the American Association of Physics 
Teachers, the American Physical Society, and the American Chemical Society. 

NSF and Undergraduate Science Education 

NSF^ role should, I believe, focus on providing catalysts and leverage. The classic example of leverage 
is the ILI program. But we also need to leverage people as well as equipment. We need at the 
undergraduate level a program like the highly successful Physics Teacher Resource Agents (PTRA) 
program that has now reached hundreds of high school teachers with workshops and programs that bring 
them up-to-date on physics content and pedagogical issues. Of course, the culture of college faculty is 
different from that of high school teachers, but the notion of faculty working with faculty to disseminate 
what works seems to be the best way to leverage limited NSF funds. 
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NSF ought to encourage the development of central repositories, for example on the World\vide Web, 
where science educators can find information on everything from the latest curricular innovation and 
pedagogical research to lists of textbooks available for various courses. 

Major curricular development and reform is time-consuming and expensive. Producing a complete set of 
text materials, assessment materials, software and so on requires many person-years of effort and 
considerable field-testing and evaluation if the curriculum is to have widespread acceptance. NSF 
already has played a major role in physics by supporting programs such as iholntroductory University 
Physics Press project, which has made radical change in introductory physics possible and in fact 
intellectually respectable. At the high school level NSF^ support for Active Physics, designed to reach 
80 percent of the high school students who have not taken the traditional physics courses. 

Major efforts are needed to develop science courses aimed at non-science majors. In most cases, these 
students bring to their college-level science courses different levels of motivation and preparation 
compared to science majors. Putting them all into the same introductory courses serves neither audience 
well and makes large courses even larger. NSF support would aid in providing a ready repertoire of such 
courses. 



Robert C, Hilborn received a BA, in physics from Lehigh University in 1966 and his Ph.D. in physics from 
Harvard University in 1971, Following a two-year postdoctoral position at the State University of New York at 
Stony Brook, he taught physics for 13 years at Oberlin College. In 1986 he moved to Amherst College as 
Professor of Physics, where, in 1993, he was named Amanda and Lisa Cross Professor, He has been a visiting 
faculty member at the University of California at Santa Barbara, Taiwan Technical University in the People's 
Republic of China, and at Georgia Institute of Technology, During 1996 he served as President of the American 
Association of Physics Teachers. He is also a member of the American Institute of Physics Governing Board 
and the Council of the American Physical Society. In 1994 Oxford University Press published his book Chaos 
and Nonlinear Dynamics: An Introduction for Scientists and Engineers. 
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Scientific Elite or Outcast? 



Eric Mazur 

Gordon McKay Professor of Applied Physics 
Harvard University 
Cambridge, Massachusetts 

There is no doubt that since the beginning of this century the United States ranks first in generating 
outstanding scientists. It is therefore ironic that as a whole, the population of the United States does not 
rank first in Science and Mathematics. One only need turn to the media to see that society does not value 
science and science education as it did just a few decades ago. In spite of all the advances in science and 
the many contributions of related technological developments to society, science illiteracy is rampant. The 
average person has little faith in scientists and there are more pressing problems than science education on 
the agenda of most people. These are worrisome developments because it is in the interest of society that 
everyone understands at least what science is about. No one can deny the formidable advances that have 
been achieved in science and their impact on the quality of life- advances that would not have been made 
without the outstanding quality of American scientists. What happens now in the classrooms across the 
United States will directly affect the health and well being of this country in the next century. We must 
act now to prevent losing our edge in science and technology. 

At the college level, the introductory science course often is one of the biggest hurdles in the academic 
career of a student. For a sizable number of students the course leaves a permanent sense of frustration. I 
only have to tell people I am a physicist to hear grumblings about high school or college physics- almost 
to the point of making me feel embarrassed about being a physicist. This general sense of frustration with 
introductory science is widespread among non-science majors required to take science courses. Even 
science majors are frequently dissatisfied with their introductory courses, and a large fraction of students 
initially interested in science end up majoring in a different field. What have we done to make it that way, 
and can we do something about it? 

I believe science education has been focused much too long on competitively generating a steady supply 
of future scientists. We must direct our science education not just at students going on to a scientific 
career but also at those majoring in other fields. It is time to realize that the demand for scientists is 
determined to a large extent by people for whom the introductory science course is the only direct 
exposure to science and who remember science only by the frustration it has caused them. It is time to 
realize that those who become successful scientists do so in spite of the current educational system, not 
because of it. It is time to realize that better science education for all will ultimately lead to a higher 
standard of living. 

Broadening and improving science education will require a major change in attitude. The current mode of 
instruction is self-perpetuating: post-secondary faculty educates both their own successors and future 
secondary teachers; secondary teachers, in turn, prepare the next generation for a new cycle. At all levels 
one can find excellent teachers, but for the most part instruction in science is geared at the scientist, not 
the general public. 
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Recommendations 



• Teacher enhancement: To restore public opinion of and support for science I suggest 

making an all-out and systematic effort to place the nation’s best, most innovative, and most 
dedicated instructors at all levels of education. This will require a new reward structure - 
currently successful research is rewarded much more highly than successful teaching. A new 
role model - that of the “teacher-scholar” - must replace the current role model of the hard- 
core researcher in a white coat who prefers not to deal with students. 

• Innovating Pedagogy: The science education literature abounds with innovative ideas, but 
unlike innovations in science and technology, few of these ideas are adopted by anyone 
besides the innovator. Even techniques that have been demonstrated to work have not found 
widespread acceptance. Overcoming this inertia is becoming an urgent problem. I therefore 
recommend rewarding not just the developers of successful innovations, but also those who 
adopt these innovations. 

• Using Technology: New advances in information technology must be used to increase and 
accelerate dissemination of new ideas and materials in education. Widespread availability of 
materials will lower the threshold for adopting innovative ideas in science education. 



I firmly believe science has done more for society than it is generally credited for — a view that 
unfortunately is not widely held outside the science community. It is therefore more important than ever 
that we direct some of our energy at educating the public about science— energy that has been directed 
almost exclusively at research and at educating and training future scientists. It is time for science 
educators and researchers to become more pragmatic, to step down from their ivory towers, and to reach 
out to society not only through scientific accomplishments, but also through better education and 
information. 



Eric Mazur is Gordon McKay Professor of Applied Physics and Professor of Physics at Harvard University. He 
obtained his doctorate in experimental physics at the University of Leiden in the Netherlands in 1981. In 1982 
he came to Harvard and in J984 he joined the faculty. He currently divides his time between research in laser 
physics and teaching, and is interested in educational innovations and applications of instructional technology. 
In 1988 he was awarded a Presidential Young Investigator Award. He is a Fellow of the American Physical 
Society and a member of the Society's Committee on Education and of the Physics Programs Policy Committee 
of the American Institute of Physics. 



The State of Undergraduate Education in the Earth Sciences 



Tanya Atwater 

Professor of Geological Sciences, University of California, Santa Barbara 
Santa Barbara, California 



Thank you for this opportunity to speak to the [EHR Advisory Committee]. I speak as a professor from 
the university trenches, and I draw upon the thoughtful written letters and comments of about ten 
colleagues, the results of several meetings and workshops, and informal discussions with many dozens of 
colleagues from many diverse undergraduate and K-12 venues. 

I speak for the Earth Sciences and I speak with great conviction and urgency, for I believe that the 
generation of students that we are presently educating are going to be increasingly forced to make 
profound decisions concerning the fate of planet Earth, our home. The outcome of our human experiment 
called “civilization” will be highly dependent upon their coming to understand and incorporate Earth 
systems into their thinking and planning. They will need a host of well-trained Earth Science professionals 
and, just as important, a citizenry that is Earth cognoscente and Earth caring. 

I shall address four topics; two are issues that apply quite generally to SME&T educational goals: 1) 
computer literacy; 2) undergraduate research opportunities, and two aspects that more specific to Earth 
Sciences; 3) the modernization and refocusing of Earth Science curricula; and 4) the need for major 
systemic changes in the teaching of Earth Science to non-scientists, especially to in-service and pre- 
service K-12 teachers. The latter two subjects concern a major turmoil in our field, one that may be 
particularly amenable to help from a NSF Earth Science initiative. 

Computer Literacy 

The last decade has seen a revolution in computer accessibility, usefulness, and user-friendliness and NSF 
has played a major role in the spread and use of this powerful technology. Basic computer literacy is now 
a must for all science professionals for computing/mode ling/data processing and for communication at all 
levels. It is fast becoming a mandatory aspect for success in most professions. The impact of the 
Worldwide Web is only beginning to be felt but will surely be enormous. NSF should continue to urge 
and support projects that provide computer training and accessibility for all faculties and all students. 
Basic computer training should be particularly provided and stressed for future K-12 teachers, as they 
will in turn reach the vast pool of non-college bound students. 

While the spread of computer access and training and of access to the Web has been tremendous, it is far 
from complete. There is a legitimate concern that this revolution may only exacerbate the gap between 
“haves” and “have nots” in our society. NSF would do well look into the distribution of this technology 
across the educational spectrum. 

Many Earth Science databases are particularly amenable for use in combined computer and science 
education projects of great intrinsic interest. For example, the study of events such as storms, 
earthquakes, volcanoes, floods, and meteor showers, and of observable phenomena such as moon cycles 
and tides, can be made much more immediate with real-time data from the Web. Projects that create user- 
friendly educational pathways through the Web should be particularly encouraged. 
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Undergraduate Research Opportunities and Other "Hands On" Activities 

One of the most important aspects in the education of a future scientist is the actual experience of ‘liands 
on” scientific investigation. NSF has long had a strong role in urging and supporting opportunities for 
undergraduates to be involved in ongoing research projects, and it should not slacken its efforts in this 
activity. Furthermore, related hands-on scientific experiences such as lab projects and field studies, all 
situations in which students collect data and draw their own conclusions are crucial at all levels of 
scientific education and should continue to be supported. In the earth sciences, these experiences often 
occur in the field, with students observing and interpreting natural objects and processes in their natural 
’’habitats". This real, experiential component must never be lost (no matter how many computer models 
we make). The student exhilaration after a day in the field speaks for itself. 

Modernization and Refocusing of Earth Science Curricula 

There is presently a widespread turmoil within the nation's Earth Science departments, an identity crisis 
of sorts. The traditional, classical Geology Department was deeply tied to the solid earth with, perhaps,a 
recognition of fluids, but only as they occur within the pore spaces of rocks. In recent decades, other earth 
science fields such as oceanography, meteorology, climatology, environmental science, marine 
geochemistry, modem hydrology, and satellite geodesy, to name a few, have blossomed and taken center 
stage. Some of these subjects have been accepted and integrated into existing departments and curricula, 
but more often they are appended to geology departments like uneasy stepchildren. Often they are 
scattered across related departments (such as geography, environmental science) or simply ignored. Most 
recently, there has emerged a new, much more encompassing view, known as "Earth Systems Science", 
which considers the Earth and all its spheres (lithosphere, hydrosphere, cryosphere, biosphere, 
atmosphere) as an intricately interacting system (which, of course it is!). Some geology departments have 
changed their names and broadened their visions; others are making half-hearted attempts or have simply 
hunkered down. There is a lot of confusion. 

The curriculum for undergraduate geoscience majors is, for the same reasons, in great flux. Many 
different experiments are being tried to trim traditional subjects to make room for others and many would- 
be reformers report great resistance to these changes. Furthermore, many attempts to reorganize are 
hampered by the complicated need for cross-departmental integration. The result is that, at present, there 
is very little consensus as to what constitutes a good geology or earth science education. It is clear that 
some changes are needed. It is equally clear that there is not one “correct” solution for all institutions or 
for all students. None-the-less, the earth science community could sorely use a careful introspective 
review of our subject and of the likely directions and needs of our majors, our future earth science 
professionals. An Earth Science Initiative from NSF, examining this subject, would be greatly welcomed 
and would lend needed credence and weight to any recommended changes that might emanate from such a 
review. 

Needed Systemic Changes in the Teaching of Basic Earth Science to Non-Scientists 
and, especially, to In-service and Preservice K-12 Teachers 

Earth Science can be a great subject for general science education. It can be an excellent vehicle for 
introducing basic physics and chemistry using familiar examples in the locally observable world. 
Furthermore, it lies at the core of many environmental, hazard reduction, and public policy issues and 
therefore is a central subject for an educated democratic citizenry. In fact, introductory courses in 
geology, oceanography, meteorology, and environmental science are very commonly taught as large 
“general education” type classes, for many of these reasons. 
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Unfortunately, professors (and their textbooks) tend to teach the same way that they were taught. The 
traditional approach - highly content driven, lecture/lab/exam format - is not usually fatal for science 
majors (it succeeded with them, after all) but it is often inaccessible, alienating, and highly irrelevant to 
others. Whole generations of former students, including many of our present K-12 teachers were turned 
off to science by this approach. These courses are presently commonly organized as an ‘Introductory” 
overview of the field for potential majors, even though a very few percent of the students fit this category. 
The rest are very poorly served. There is a need for a profound reevaluation of the goals in these courses 
and of the pedagogical means to get to those goals. In many respects, this is another face of the 
curriculum confusion described above, and could very productively be addressed within the same 
proposed Earth Science Initiative. 

If an Earth Science initiative were constructed, it would do well to include a separate consideration of the 
needs of future teachers, particularly the K-6 group. This group is highly likely to find themselves 
teaching many basic aspects of Earth Science and having to invent activities to illustrate these subjects. 
These teachers are responsible for the most fundamental science teaching and, perhaps, for the 
establishment of society's attitudes toward science, as well. 

In recent years, NSF and other funding agencies have supported many excellent individual experiments 
toward more effective science pedagogy. These range from slight variants on the lecture-exam format to 
quite radical alternate approaches, incorporating elements of constructivism and of group learning 
strategies. The reports from educators who have taken these leaps are generally full of enthusiasm, but so 
far seem scattered and anecdotal and often lack clear ways to prove their efficacy to the busy skeptic. It 
may be time to put some energy into a systematic collection, sifting, and dissemination of these results. 
We need good, practical, concise descriptions of a wide variety of changes, large and small that have been 
shown to make a difference. I believe the science education community is ready to change our ways if we 
can see how to do it with relative efficiency. (We know we are not doing very well.) 

We are ready to listen and to try new approaches. 



Tanya Atwater is a Professor of Tectonics at the University of California, Santa Barbara. She received her 
schooling at the Massachusetts Institute of Technology, the University of California at Berkeley, and Scripps 
Institute of Oceanography, completing her Ph.D. in 1972. She was a professor at the Massachusetts Institute of 
Technology before joining the faculty at UCSB in 1980. Dr. Atwater's research has concerned various aspects 
of tectonics, ranging from the fine details of sea floor spreading processes to global aspects of plate tectonics. 
She is very well known for her works on the plate tectonic history of the San Andreas fault system in particular 
and of western North America in general Atwater is devoted to education, both in the University setting and for 
the broader public. She is deeply involved in the undergraduate program, working to revitalize teaching 
techniques, especially in large general education classes, and to modernize science curricula. She works at 
many levels (with the media, with museums, in teacher workshops) to spread Earth information and Earth 
passion across the wider citizenry. Tanya serves on numerous national and international committees and 
panels. She is a fellow of the AGU and the GSA and a co-winner of the AAAS Newcomb Cleveland Prize. 
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Written Contributions to the EHR Advisory Committee 
Public Hearing on Institutional Perspectives 

Convened October 25, 1995 
At the National Science Foundation 
Arlington, VA 
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Institutional Perspectives of College and University 
Leaders on Undergraduate Education and 
the National Science Foundation 

Pamela A. Ferguson 

President, Grinnell College 
Grinnell, Iowa 

We must ask three questions as we reckon with the worth of existing programs and entertain the 
addition or expansion of others: 

1) . What does the nation need in its workforce and its scientists? 

2) . What does NSF have to do with filling this need?; and 

3) . How does undergraduate education relate to the nation^ needs and NSF? 

I will try to paint the picture as most of my colleagues and I see it. A vital workforce for the 21st 
Century is peopled with the technically literate, inquisitive, and entrepreneurial in spirit. It is this 
workforce that will discover new technologies, use these technologies, and keep us as a major 
contributor to the betterment of this nation and the global community. Undergraduate education is 
not an auxiliary enterprise - it is a conduit and the birthplace for most scientists and a significant 
portion of the workforce. 

NSF has successfully created a research infrastructure in which people are stimulated to have 
new ideas, with the confidence that, if their peers find an idea meritorious, funding will be 
provided to explore the idea. This is consistent with NSF's mission to provide the nation with 
both scientific knowledge and scientists- it is consistent with the nation's need to be a 
competitive force in an ever-changing, technologically sophisticated world. 

This same infrastructure which enables and promotes people to take risks to do interesting things 
must be further developed for the undergraduate sector. We need to improve undergraduate 
science education so that our workforce is technically literate as well as to train the small percent 
who will be future scientists - including those few who will join the likes of Tom Cech (a 
Grinnell alumnus who recently received the National Medal of Science) or the late Robert Noyce 
(a Grinnell alumnus who co-invented the integrated circuit). Science education should be an 
embodiment of the entrepreneurial spirit because staid teaching begets staid students. 

NSF can make a difference with funding and programs that are responsive to innovative ideas 
coming from the teaching community. It needs to support faculty and students the way it 
supports researchers because the undergraduate sector is the source for the researchers as well as 
educational citizens and multitudes of workers. One example of an extremely successful program 
is the Instrumentation and Laboratory Improvement (ILI) program, which provides modest 
support for instrumentation for teaching. In effect, however, it catalyzes major curricular 
renovation. The ILI program has been evaluated several times and has received glowing reviews. 

In the ILI program, dollars are highly leveraged. A minimum of 50 percent of the funding must 
come from non-federal sources. Furthermore, no funds are provided to support personnel to 
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actually develop experiments making use of the new instrument. There are other leveraged 
aspects to the program. Other faculty at the institution will notice the instrument, learn to use it, 
and devise unforeseen curricular changes. Furthermore, students and faculty involved in research 
projects will undoubtedly use the instrument. Faculty (either formally through publication or 
informally) tell their colleaguesat other institutions of their successes and encourage them to 
mount similar efforts. 

DUE has done a remarkable job, especially considering that funding was cut to zerdollars in the 
early 1980s. Since then, they have developed several programs that serve the community well. 
To address the issue of teaching and learning science at the undergraduate level, three areas need 
attention. 

First, research and teaching still remain divorced at NSF. The programs, which support 
undergraduate research, are not cognizant that among the most important products of research at 
undergraduate institutions are the students. At an undergraduate institution, research not only 
contributes to the scholarship in a field, but it is a tremendous learning ground for students. 
Students learn, by doing science, what it is to be a scientist, how to ask questions, how to deal 
with the many obstacles that inquiry presents and the exhilaration of discovery. 

Currently, NSF REU and RUI support is targeted only at the most elite institutions. It effectively 
discourages most faculty at undergraduate institutions from pursuing research projects because 
they know that their research can not be as grand as that at large research institutions, because 
their research will have multiple roles and thus may take longer to complete. Cognizance, during 
review and funding, of the additional and essential role of research as a teaching tool at the 
undergraduate level has the potential for institutional change. As is, undergraduate faculty finds it 
difficult to compete for research support- the effect - fewer students get to learn what science is 
really about and there is no mechanism by which an institution can improve its programs. 

Why is integrating education and research, providing hands-on learning opportunities for students 
- at all levels and with different career aspirations - in the national interest? The answer is clear 
and I reiterate: we need a workforce for the future with the kind of skills learned through a 
rigorous encounter with science and mathematics; we need a citizenry prepared to make decisions 
about issues with scientific and technological dimensions. Research experiences provide these 
skills. The corporate leaders on my Board of Trustees regularly describe the kind of people they 
seek to hire: persons who can ask questions, solve problems and work collaborative ly; persons 
who know how to communicate the results of their work; and persons who know how to use 
computers and other sophisticated equipment. 

Such skills are developed when students have the opportunity to “do science” as scientists do 
science. More and more, what is happening on campuses across the country ilhat students are 
being taught how to ask questions, question evidence, and use computers and other sophisticated 
instrumentation in seeking answers. Many of the innovative courses now being developed for 
beginning students provide ‘Vesearch training” opportunities. These courses challenge students to 
take an active (rather than passive) role in shaping their understanding and to work 
collaborativelyin teams - sharing ideas freely and taking collective responsibility for the results 
of their work. 



ERIC 
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We recommend that DUE establish a program of support for undergraduate research which is 
cognizant of the impact research has on increasing the number of scientifically literate students 
and potential scientists, as well as the impact that research at undergraduate institutions can have 
on the quality of the instructional program and faculty of the institution. 

The second point I would like to make is that attention must be placed on undergraduate faculty 
development. A program that truly supports faculty development in teaching/research is needed. 
I make research and teaching a singular noun because at the undergraduate level, research 
informs teaching, the two go hand in hand. A program is needed to provide time for faculty to 
explore bold initiatives to reach more students or teach in a new way. Faculty at two and four- 
year colleges often teach in an atmosphere where there is not much research occurring. These 
faculties need to periodically step back into a research-rich environment to replenish research 
skills and their awareness of current science. Faculties at research universities often are not in an 
atmosphere, which is conducive for curricular and pedagogical development. 

We recommend that a program should support summer or academic year leaves for faculty to 
work on research or curricular projects that will have an impact on the vitality of the faculty as 
well as the academic program. 

The third issue we must address is that the undergraduate sector is comprised of a great variety 
of institutions. If we are really attending to the future workforce, we must be conscious of their 
educational origins, which include two-year colleges, four-year public and private colleges, night 
schools, and large comprehensive universities. NSF has had a laser approach to a spectral issue. 
Funding and programs need to reach into where the students are. Scientific literacy is not going 
to be attained by focusing most support on one, narrow sector of the populace. 

The Neal Report targeted a program of comprehensive institutional reform, but DUE has not had 
the resources to implement such a program. We recommend that such a program be established 
which would support promising institutions. This program would recognize that real 
improvement would involve instrumentation, curriculum, and student-faculty research 
opportunities. 

Grinnell has played a leading role in a consortium that has been funded by NSF to reform 
calculus and a current project to improve chemistry education. We can see that these projects 
have a tremendous local impact as well as changing the national sense of undergraduate 
education. It is unfortunate that DUE can only support programs in mathematics and chemistry. 
We recommend that these highly successful systemic reform efforts be expanded to other science 
disciplines. 

I will conclude with the following observation. We have all talked about the need for improved 
educational experiences for our children. We have publicly acknowledged that our future 
leadership, tomorrow's workforce, is today's children. Yet, we do not adequately support the one 
profession in whose hands these children are. I am talking about teachers from kindergarten 
through college. NSF, with its dual mission of promoting the human resources as well as the 
discoveries, has the unique opportunity to make a difference. Through programs which fund 
teaching and learning science, that barrier between research and teaching dissolves, and the 
perception of teaching as a lesser endeavor diminishes. 
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NSF has the power not only approve of innovations in teaching but raise the value of the activity. 
Such legitimacy will have a direct impact on this future workforce. NSF grants to the 
undergraduate community set the standards for our work in research, research-training, and 
education; they provide further incentive to colleges by helping to set parameters for effective 
planning for curriculum; they leverage critical dollars from other donors, and they enable us to 
make a significant contribution to the community. To double the budget currently allocated for 
DUE programs would support our nation's focus on the future workforce. Such an increase 
[would equate to] doubling a very small fraction (about 3 percent) of NSF budget. 

In summary, we have four recommendations: 

1) We recommend the creation of program to support research at undergraduate 
institutions, cognizant of the teaching role research plays at undergraduate 
institutions. 

2) We recommend a faculty development progranto support summer or academic-year 
leaves to support research in curricular development at the undergraduate level. 

3) We recommend a program to encourage comprehensive institutional reform. 

4) We recommend a program to support systemic educational reform initiatives in the 
SME&T disciplines. 



Pamela A, Ferguson is currently president and professor of mathematics at Grinnell College, 
Previously she was associate provost and dean of the Graduate School at the University of Miami where 
she was responsible for approximately 45 doctoral and 100 masters programs and an undergraduate 
honors program for 1,600 students. Early in her career she was also an assistant professor of 
mathematics at Northwestern University. A graduate of Wellesley College, Dr. Ferguson received M.S. 
and Ph.D. degrees in mathematics from the University of Chicago with National Science Foundation 
Fellowship support. A member of Phi Beta Kappa, Omicron Delta Kappa, and Sigma Xi, she has 
received numerous teaching awards. She is a member of the Mathematics and Education Reform 
Network, the Mathematical Society of America, the American Mathematical Society, and the 
Association for Women in Mathematics. She served on the Florida Advisory Council for Math, Science, 
and Computer Education and currently serves on the board of the Iowa Research Council. Her 
professional activities have included lectures or participation in conferences in the USSR, West 
Germany, Scotland, England, Hungary, Italy, and many universities in the United States. She is the 
author of more than 45 articles in leading American and foreign mathematical journals on topics on 
finite group theory and combinatorics. 
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Testimony on the Views of Institutions Toward Undergraduate 
Education in Science, Mathematics, Engineering, and Technology' 

Thomas R. Morris 

President, Emory & Henry College 
Emory, Virginia 

I appreciate the opportunity to be here. I am a humble social scientist. I taught political science 
at the University of Richmond for 21 years before going to Emory & Henry College, where I am 
in my fourth year as president. 

As a political scientist at the University of Richmond, an outstanding small university, I had 
virtually no contact with natural scientists. They were on the other side of the lake. But one of 
the things that I found to be very different when I went to Emory & Henry College was the 
interaction among faculty from different departments. Perhaps it was in part because I had 
become an administrator and was more aware of the contact. However, I also think it was due in 
part to the smaller size of the college as measured by faculty size. I moved from an institution 
with 160 to 175 faculties to one where the faculty totals only 60 to 62. I can report to you that 
the natural scientists do talk with people in the other areas in my institution; there is a great deal 
of interaction. Because of this interaction, I think there is an opportunity for integrating curricula 
that you might not have even in small universities, not to mention large universities. 

I don't go anywhere without at least saying a word about Emory & Henry College. I believe it is 
in my contract somewhere. We will be 160 years old next year. The "Emory" was a Methodist 
bishop, and the "Henry" was Patrick Henry. We consider ourselves to be a premier Appalachian 
Region, church-related, small liberal arts institution. And for a good number of those 160 years 
in the Appalachian Region of southwest Virginia and northeastern Tennessee, Emory & Henry 
have held up the flag of liberal arts education. We have also had a good tradition over the years 
of turning out science graduates who have gone on to graduate and professional schools and to 
employment in scientific and technical occupations. There was a period of time when we had a 
faculty member with strong connections with NASA, and NASA employed many of our 
graduates. A good number have also ended up in medical professions. 

We are associated with the Virginia Foundation of Independent Colleges, one of 15 institutions in 
that fundraising organization. We are one of 32 institutions in the Appalachian College 
Association, and we are one of seven institutions across the country that have Bonner Scholar 
endowments that allow us at Emory & Henry to support 85 students who are of high financial 
need. In exchange for that financial aid, these scholars perform ten hours of volunteer service in 
the community each week, as well as participate in a summer program. 

I mention those associations to just give you some idea of where we fit into the higher education 
environment. The University of Richmond, a member of the Virginia Foundation of Independent 
Colleges, for example, has an endowment of something over $450 million. Most of the 
institutions in the Appalachian College Association have endowments that are under $8 million. 



* This text is an edited version of Dr. Morris’verbal testimony to the EHR Advisory Committee on 
October 25, 1995. 
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The size of endowments has implications for the ability of small colleges to improve 
undergraduate science education. I believe that I am here to speak on behalf of the less well-to- 
do small liberal arts colleges in the country. I would like to recount a story about a small college 
president that rings true with me. He was walking in the woods, happened to look down, and saw 
a shiny object. He pushed the leaves aside and picked it up, and discovered it was a lamp. Being 
well-educated, he began to rub it, and, sure enough, a genie popped out. Upon learning that the 
person rubbing the lamp was a college president, the genie said: 'T am able to grant you one wish. 
You may have health, you may have wealth, or you may have wisdom.” 

The college president reflected and said, “Well, I deal with ideas, work with faculty, and make 
important personnel decisions, so I certainly should choose wisdom.” The genie said, “So be it” 
and was gone. Endowed with his new wealth of wisdom, the college president sat down on a log 
to reflect and, a few minutes later, stood up and said: “I should have chosen wealth.” 

Most of us interested in the health of small liberal arts colleges think that what we need is wealth. 
At Emory & Henry College, for example, we are getting ready to start another capital fundraising 
campaign. In my inaugural address, I singled out the arts and the sciences as two areas where I 
thought we needed to reinvigorate our programs. One of our goals is to raise approximately $8 
million to build a new science classroom building. The building we have now is 40 years old, 
inadequate for the kind of program that we would like to have. In addition, we need at least $1 
million to purchase modem laboratory instrumentation for use by our students and faculty, and 
we also have a campaign goal of accumulating a $3 million endowment to support the updating 
of technology and instrumentation on an ongoing basis. 

At a small institution like Emory & Henry College, we are not certain exactly how we will raise 
those funds, but that is what capital fiinds campaigns are all about. We will approach our 
alumni, particularly those who have gone into the sciences and into the medical professions. We 
will attempt to do some sight raising with regard to what they might do to contribute to support 
of the classroom building and the endowments that are necessary to maintain a strong science 
program. 

In other areas, I can easily support [Grinnell College President] Dr. Pamela Ferguson’s 
recommendations. Certainly her testimony earlier today is appropriate for all of the college and 
university presidents who are talking with you today. 

Two major problems for us are limited faculty time and shortage of resources. These are the 
major obstacles to a successfiil undergraduate science program, at least at the small college level. 
In preparation for this session, being a social scientist, one of the things I did was to sit down 
with the natural scientists at Emory & Henry College and talk about some of the things that were 
important to them. 

Our greatest challenge is to generate the resources to purchase, support, and maintain the 
instrumentation necessary for our laboratories. We do benefit from a roving repair van that NSF 
helped us with, which is very useful to the small colleges of the Appalachian College Association, 
it makes its way around the Appalachian Region and assists the Labs operated by member 
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institutions with needed repairs. That form of collaboration and sharing of resources is very 
helpftil in meeting our instrumentation needs. 

With respect to resources, our natural science faculty suggest that colleges with small 
endowments and more limited resources, however that might be defined, should perhaps be 
offered less challenging matching requirements and/or longer periods to raise such funds. They 
also suggest that the application process for programs that NSF wishes to encourage with small 
amounts of money - up to $10,000, perhaps - be simplified, and they request a simplification of 
the forms for application and reporting so that they are relatively easy to fill out. Perhaps it was 
somewhat self-serving on the part of the natural science faculty on our campus, but they 
suggested that some resources be limited to persons who have not previously been supported by 
NSF. 

We work with the private sector at Emory & Henry. The college has an association with the 
Eastman Company, not too far from where we are located in southwest Virginia. Recently, 
Eastman shared with us three important pieces of instrumentation for our Chemistry Department, 
which were happily received by the members of our Chemistry Department. 

Now, with regard to faculty development, I would second all that Dr. Ferguson [president of 
Grinnell College] said about the importance of that, and particularly the idea of making teaching 
and research a singular noun. At Emory & Henry, for example, the Physics Department and the 
head of the Education Department are spending time talking about a conceptual physics course 
that would be required of all people who are going into teaching. There is a "Teaching of 
Science" course that is taught for education majors, and there is a great deal of dialogue that goes 
on between the education faculty and the natural science faculty with regard to what ought to be 
addressed in that particular course. 

The second point I would make is that our greatest contributions to undergraduate science 
education are the collaborative and integrated teaching innovations that characterize our 
institutions. As we are all well aware, the excitement of the scientific technique is not generally a 
part of what goes on in elementary, middle school, and secondary education. Students come to 
undergraduate institutions like Emory & Henry without having had that experience. Someone 
has suggested that there is probably more vocabulary in a high school chemistry class than there 
is in most foreign language courses, to the extent that students have been subjected to simply 
memorizing and dealing with vocabulary rather than the excitement of the scientific technique at 
the K-12 level, that makes it more difficult for students and faculty when they advance to the 
higher education level. 

So what I would want to leave with you is the challenge of recognizing that opportunities for 
creating innovations in undergraduate science teaching are present, particularly at small liberal 
arts colleges. These colleges do not have the institutional barriers that are more likely to be in 
place at the large research institutions. One of the things I would encourage the National Science 
Foundation to do is, support those faculty who are willing to work with innovative, integrative, 
and collaborative teaching possibilities; with regard to undergraduate science education, then 
follow up on an ongoing basis, evaluate the effectiveness of new approaches, and find ways to 
report methods and findings to the larger academic community, through articles, lectures, and 
workshops. 
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I would argue that at this time in our history, it is probably as important to be putting resources 
into how students learn science as perhaps it is into the more traditional type of science research 
that is going on, and the laboratories in the form of small liberal arts colleges are there to make 
that possible. 



Thomas R. Morris assumed office on July 1, 1992, as the 19^^ president of Emory <Sc Henry College, A 
distinguished Constitutional scholar and political scientist, he brought to the college 21 years of higher 
education experience at the University of Richmond. Dr. Morris also is well known on a state and 
national level as an astute political commentator and writer. A native of Galax, Virginia, Dr. Morris 
earned a bachelor^ degree in government at Virginia Military Institute, studied at Princeton 
University, and then completed Masters and Doctoral degrees in government at the University of 
Virginia. He received fellowships for additional advanced study including a year as a Liberal Arts 
Fellow at the Harvard Law School and a year as a fellow of the National Endowment for the 
Humanities at the University of Wisconsin-Madison. He has also served as a political analyst for 
television, radio, and print media over the past fifteen years. 
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NSF Review of Enhancing Science, Mathematics, 
Engineering, and Technology Education 

Bruce H. Leslie 

President, Onondaga Community College 
Syracuse, New York 

Thank you for the opportunity to share my thoughts and those of my colleagues regarding 
science, math, engineering, and technology education (SME&T). The invitation comes at a time 
when our nation appears to be redefining itself in the post-Cold War era, but also at a time when 
new extraordinary forces are rapidly exerting their influence upon the void created by the end of 
superpower military competition, replacing it with complex economic competition. Science and 
technology are, many of us contend, more important in this new era, than ever before. 

There are a number of obvious problems with the current state of science and technology. Such 
problems are cyclical and reflect the need for adjustments in our response to shifts in the 
environment. Many of us are the product of such a response by the nation ioSputnik, which 
created “accelerated” federal initiatives in our math and science education programs to correct 
newly perceived deficiencies. Perhaps a similar response is called for today, despite the 
differences in the environment of the late 1990s vis-a-vis the late 1950s. Just as opportunities 
presented themselves 30 years ago, today's opportunities should be capitalized upon to positively 
affect our national competitive and social objectives. In one sense, NSF has already initiated such 
a response by greatly expanding its interest in, and support of, the nation's community colleges. 
The other half of our undergraduate students now have the opportunity to be impacted. My 
colleagues and I are most grateful. 

Rather than summarize perceived problems, for they are explored more effectively in numerous 
other venues, and are inferred in my comments, my intent here is to suggest the possibilities 
inherent in today's environment. Such opportunities exhibit themselves in the following themes: 

1. The growing national agenda to address the needs of youngsters so they are adequately 
prepared for success in school. Programs such asHead Start, Eisenhower grants and 
Success by Six exemplify this trend. 

2. Recognition that youthful excitement and discovery, brought naturally into the world, 
but often suppressed early in childhood, must be enhanced and nurtured, especially in 
a world where “life-long learning is the only job.” 

3. Capitalizing upon the Nation at Risk movement that has been, for the past decade, 
gradually changing our thinking about how best to foster learning. 

4. The infusion of technology, especially computers, into our schools, homes and day-to- 
day world. 

5. The growing interest by the business community to ensure a technologically 
sophisticated populace both to provide the needed workforce and a consumer capable 
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of using, and thus interested in buying, the increasingly complex products being 
developed. Our very economy, and the success of business, depends upon an educated 
citizenry. As the world becomes better educated, this will become a greater 
competitive challenge and opportunity for business. 

6. The internationalization of the economy, a growing worldwide competitive 
environment, and increasingly sophisticated defense requirements created by a 
changing world, suggest that the nation's continued strength is dependent upon 
maintaining a technological edge across all sectors of public and private systems. 

These opportunities describe an agenda for improvements in the SME&T aspects of our 
educational system. Three specific recommendations should drive NSF's considerations: 

1. We know what works. NSF should help the nation's educators implement the proven 
principles. Although continued exploration to improve learning is important, fewer 
resources require us to widely apply what we already know. 

2. SME&T must be infused with broader skills, which today are required in the 
workplace: customer orientation, quality, teamwork, problem solving and leadership. 

3. Colleges must apply affective domain strategies, especially for second and third 
quartile students who can and must succeed. The traditional emphasis on the 
discipline itself excludes the larger proportion of our citizens. 

In order to profit from the opportunities before us, four themes are recommended: 

1 . Improvements must begin with the faculty. Each of us has personally experienced or 
observed the positive affect a teacher can have on a student by inviting her/him into a 
course or discipline. Conversely, teachers too often discourage a student from 
pursuing a field or career, especially in math or science, by ignoring or redirecting 
them to "easier" studies. Faculty who must democratize the process will recruit the 
future generation of scientists and technicians. To achieve this, faculty must: 

• Receive better preparation in graduate school to become recruiters and nurturers 
of the next generation of scientists by learning how to excite students into 
entering these fields. Faculty should become skilled at positive reinforcement and 
the means by which students can be encouraged to pursue SME&T. Students of 
color and women must receive strong encouragement to enter these fields. So 
called "average" students must be nurtured since almost every future employee 
must be sophisticated in math and technology. Such programs as the NAACP's 
Act-So, science fairs, and kids colleges create enthusiasm that attract potential 
scientists of any age. 

• Diminish the "elitism" of SME&T so that fewer individuals will be intimidated 
by study in these fields and more will choose to enter the professions, especially 
at the technician level where job data suggests strong future growth. Faculty is 
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especially important in the decisions many students make to pursue or not to 
pursue such studies. 

Be skilled as learning facilitators, not lecturers, and curriculum designers, not 
just subject matter experts, with an emphasis on application, learning outcomes, 
measurements, and subject integration among relevant disciplines. All current 
faculty must be similarly retrained. 

Be student centered rather than faculty centered. Learn how to nurture and/or 
reinvigorate students' excitement and positive self -concept about learning 



Be steeped in the use of such techniques as classroom research, learner-centered 
instruction and team study. 

Infuse curricula design and instructional tools with the interests of the secondary 
schools and employers. The transition from school to work should be 
‘Seamless.” 

Become sophisticated in organizational operations, to better structure disciplines 
within the college or university in ways, which facilitate realization of 
educational ends. The barriers between subjects and disciplines must be removed 
so that the integration of knowledge is modeled for students. 

Be competent in the use of computers, not only in the demands of the discipline, 
but in their use as instructional and class management tools as well. 

Commit to life long learning in order to remain current in the discipline and in 
the classroom. 

Be open to business sector professionals who often have more knowledge of 
learning theory and curricular design than academics. ASTD and other 
professional associations produce and distribute the most current research 
materials in learning theory. Such companies as Motorola and Nvnex are 
demanding outcome accountabilities from their educational venders and are 
teaching college faculty how to adopt new learning theories. Educators must 
become open to such expertise, rather than reject it because it's from outside the 
academy. 

Become knowledgeable about the national skills standards program and, with 
employer^ active involvement, integrate results into the curricula. 

Make mathematics a more accessible and less threatening language to American 
students. It should become more applicable and less theoretical so that students 
understand its use and importance. 



SME&T. 
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2. Post-secondary institutions are in the position to provide leadership. They must: 

• Invest in faculty development as described above. 

• Ensure faculty have the technology available and working, and the means to use 
it. 

• Structure the college, organizationally and within facilities, so that curricula and 
disciplines are integrated. The academic department, both structurally and 
geographically within the college, reinforces isolation of disciplines and faculty. 
New structures must be explored which create an academic version of a business 
environment where information flow, organizational learning and technology 
interface. This is the developing model of the post industrial information age. 
Education should adjust itself, as it did in the beginnings of this century, to 
reinforce demands on both its management and "production.” 

• Provide the means to define, measure, and continuously improve learning ends. 
This will distinguish the college as accountable at both the management and 
academic levels, and build trust with employers, sponsors and, most importantly, 
students and their sponsors. 

• Initiate tech-prep, school to work, co-op, apprenticeship and other such models 
to create the relationship between college, business and student, that provide the 
practical work skills necessary. 

• Ensure the curriculum emphasizes SME&T within a framework of the 
humanities. 

• Partner with business to explore and, where appropriate, implement the results of 
the national skills standards program. 

• Reward faculty for applied teaching rather than research, for being risk takers, 
for being change agents rather than the defenders of the proud traditions of 
academia, for forming alliances with business and community. 

3. Because of the multiple level of employers’ interests in a technologically sophisticated 
society they should: 

• Become invested in the development of our nation’s students. The German 
approach is not the only possible model, but its integration of business into the 
nation’s educational system provides many benefits to both. An ’’apprenticeship” 
emphasizing science, math, engineering and technology already exists through 
co-op programs and is being expanded through tech-prep initiatives. Business 
should greatly expand opportunities by utilizing such models as the Ford Asset 
program, which prepares automotive technicians through community colleges 
and co-ops with the sponsoring dealers. The faculty receives annual training and 
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the college new technologies. But must important, the students are employed by 
the dealer upon graduation, and ready for a successful technological future. 

• Assist secondary and post-secondary institutions by contracting with faculty. 
Such arrangements increase their knowledge and enhance the preparation of 
students. Many of the skills today’s employers require, including in SME&T, 
such as teamwork, problem solving, leadership, quality, customer orientation, 
and organizational understanding (see Tony Camavale, Workplace Basics: Skills 
Employers Want, The American Society for Training and Development, 1990), 
are most effectively taught through work place application. 

• Partner with education to ensure the technology is adequate and remains current. 
The company benefits by ensuring new employees are adequately prepared and 
existing employees are continuously retrained without down time at the business. 
Ford ensures this through its ^556/ program; but smaller, local businesses reap 
similar benefits through modest investments. Education's ability to remain 
current in technology will depend to a large extent on business investment in 
such alliances. 

• Partner with education to implement the results of the national skills standards 
program. Together, this effort, which is similarly occurring in many other 
nations, may provide important benefits to both business competitiveness and 
development. Jamie Houghton, president of Coming, is the chair of the board, 
indicating the level of business interest in the 22 projects underway. 

4. The National Science Foundation and other federal programs can support the 

necessary changes by: 

• Establishing a national agenda, which integrates employers, educators, and 
students into a “seamless” system of learning from elementary through college 
and life-long education. 

• Nurturing the public's awareness of, and interest in, SME&T by clearly 
describing the need and defining understandable national objectives. Then 
funding programs which, on a long-term basis, will reinforce the objectives and 
attain desired ends. 

• Creating long range programs rather than short-term projects. This will also 
benefit educational efforts by reducing uncertainty of funding, allowing projects 
adequate time and resources to achieve high levels of impact. 

• Replicating the already excellent work achieved at less cost than developing 
anew. Initiate a mechanism to make the best programs available for transfer and 
to encourage their implementation. 
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• Assisting smaller institutions which make up the largest number of individual 
organizations, but lack the resources for professional grant writing and are, thus, 
absent from the benefits of grant funds, to develop the means to be included. 

• Emphasizing development of faculty, including counselors and advisors, to 
reinforce the skills required by future and current educators, to prepare a 
citizenry sophisticated in SME&T. Change often happens only when money is 
made available, where there is a means to pursue new directions. 

• Support organizational model development and implementation, which will foster 
the integration of knowledge and learning. 

• Broaden the emphasis of science and technology education away from only those 
whose goal is a career in science and math, to all students. Eliminate the 
perception of elitism by opening SME&T to all students. 

In summary, an environment exists, which if effectively mustered, holds the prospect of much 
opportunity for SME&T development and enhancement. The short-term prospect may appear to 
be negatively affected by current budget balancing. On the other hand, many forces favor a 
national agenda by which government, business and education collectively strengthen the means 
by which teaching and learning, curricula innovations, technology, organization and supplemental 
academic programs integrate to prepare a more scientifically sophisticated citizenry. 

Today and forever, we must teach a “different” science than in the past. Knowledge is expanding 
exponentially and the classroom by itself can no longer remain the single place for learning. 
Technology, including multimedia, the Internet, and simulations hold much promise to augment 
the basics covered in class. But new approaches such as learner centered and team based 
programs, co-ops and internships all must be used collectively to provide students adequate skills 
to contribute to their society and employers. 

By focusing on faculty development, the creation of teachers as nurturers and facilitators; the 
integration of learning ends into the instructional process; implementation of organizational 
models which enhance the achievement of academic outcomes; partnerships between business, 
students, faculty and colleges which fulfill the academic vision; and, with NSF and other federal 
programs providing national leadership, long range direction and funding and a broader base of 
SME&T education. This nation can maintain its competitive edge while providing a better 
standard of living and society for its citizens. 

Bruce Leslie has been a Director of the American Association of Community Colleges, chairing the 
Association^ Public Relations Commission. He is currently Chancellor of the Community-Technical 
Colleges of Connecticut. He is also a Director and treasurer of the American Society of Training and 
Development, having chaired its Technical and Skills Training Committee, served on its National Issues 
Committee, and served as a member of the Editorial Board of ASTDi Technical Skills Training 
Journal. Dr. Leslie has served on the boards of the Urban League, Salvation Army, Private Industry 
Council and similar organizations in Syracuse, Chicago and Seattle. He has received the Harriet 
Tubman award from the Urban League, CEO Recognition Award from the American Association of 
Community College Trustees, Distinguished Alumni Award from the University of Texas, The Paul 
Dunbar Community Service Award, and Outstanding Community Service Award for Excellence in 
Education from Phi Beta Sigma. 
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National Science Foundation Review of Undergraduate Education 
Institutional Perspectives of College and University Leaders 



Thank you for this opportunity to speak before the National Science Foundation^ [EHR 
Advisory Committee for the Undergraduate Review]. I am sharing my concerns and 
recommendations with you today as chancellor of St. Louis Community College, as a former 
teacher, and as a member of a very strong national network of community college leaders. My 
remarks are concerned primarily with instructional programs - the fundamental exchange of 
information between teacher and student that is at the heart of both personal developments for the 
student and economic development for our nation. 

Community colleges pride themselves on the quality of their teaching and instructional delivery 
systems. As open door institutions, we must accommodate a diversity of learning styles and 
many levels of ability. Community colleges occupy a unique place in higher education. We are 
midway in the public education continuum that extends from pre-school to post-graduate 
programs and lifelong learning opportunities. We are in a position to understand the problems 
and potential of education at all levels and cooperate in programs to improve the performance of 
students of all ages. 

Our position is pivotal as we consider: 

• how to improve literacy in science and technology of students majoring in other 



• how to strengthen the knowledge base of those earning associate's and baccalaureate 
degrees in science, mathematics, engineering and technology; and 

• how to change our institutional policies and practices to aid undergraduate education 
in science, mathematics, engineering and technology. 

Certainly, we must continually support two overall goals: improving student achievement, and 
improving instruction through the development of curricula materials, faculty preparation, and 
instructional activities. 

About one-half of all the nation's first-time freshmen are enrolled in community colleges, and 
community college students make up the largest sector of higher education in the U.S. - 37 
percent. About 47 percent of all minorities in college attend community colleges, as well as more 
than half of higher education students with disabilities. 

Many of these students come to us with academic deficiencies in mathematics, and community 
colleges offer extensive programs in developmental studies. In many States including Missouri, 
legislators and educational agencies have mandated that baccalaureate institutions scale down or 



Gwendolyn W. Stephenson 

Chancellor, St. Louis Community College 
St. Louis, Missouri 



disciplines; 
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eliminate their remedial and developmental programs, thus leaving this complex task almost 
totally to community colleges. I have come across a significant number of legislators who resent 
what they consider double payments to prepare students for college-level work in mathematics. 
They feel that their support of secondary-level programs should be sufficient. 

We know better. In St. Louis (and we are not much different from most large urban districts) 
nearly 25 percent of our students who enroll for college credit - or more than 6,800 - are taking 
at least one developmental course. This is up from 19 percent five years ago. These numbers 
include those students who also exhibit deficiencies in language and the ability to read, think 
critically, problem-solve, observe and respond Our faculty would argue that language deficiencies 
contribute significantly to mathematics and science deficiencies. We also are seeing a widening 
gap between the upper one-third and the lower one-third of high school classes. 

The problem of under-prepared students clouds our vision of full participation in the global 
economy and of competitive economic development at home. In addition, our academically able 
students must master increasingly complex concepts and applications as the SME&T curricula 
evolve to match technological advancements. We are deeply concerned about the widening gap 
between the expectations of business and industry and the inability of significant segments of the 
work force to meet these expectations or even to function as informed consumers of technology. 

But under-prepared students - as well as the sheer numbers of able students who attend 
community colleges - also provide educators the challenging opportunity to experiment, to take 
risks, to find innovative ways to teach mathematics, science, engineering and technology. If we 
can be successful with our students, we can influence and improve teaching methods at the 
elementary-secondary level, at the undergraduate level, and in industrial training. 

I would like to briefly share with you a few examples of programs at St. Louis Community 
College, which are moving us forward in this critical area. Many community colleges across the 
country currently offer similar programs. 

• Our Minority Engineering Scholarship program is sponsored in conjunction with 
Emerson Electric Company and the University of Missouri-Rolla. Recipients take the 
first two years of their engineering studies at the college, then transfer to UM-Rolla to 
complete the remaining two years. Since the program started in 1988 80 students have 
enrolled, seven have graduated from the university and 22 are currently in the program's 
pipeline. The completion rate compares favorably with a national retention rate of 35 
percent. Ninety percent of our regular engineering transfers graduate from UM-Rolla, 
and we find they do as well or better academically than those students who start as 
freshmen at the university. The program has been so successful that we are exploring a 
similar tripartite relationship with the St. Louis College of Pharmacy and Monsanto 
Company. 

• We are entering our fourth year of leading development of the5^. Louis Area Tech Prep 
Consortium. Sixteen local school districts are members of this initiative, representing 
more than two-thirds of the public high school-age population in the area. Our faculty 
members work with teachers at the junior and senior levels in local high schools to blend 
the curricula and ensure smooth articulation. 
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• The college has participated in a NSF-funded program directed at middle-school 
students. Partners in the project included the University of Missouri-St. Louis and Harris 
Stowe State College. In addition, our mathematics faculty members have been called 
upon to teach at all levels because of their skills and the measurable results that they 
have achieved. 

I am sure you have noticed a strong, common thread running through these sample programs ~ 
and that thread is partnerships and collaborative efforts. I am convinced that the only way our 
educational systems and our nation can advance in SME&T education is to do so in tandem with 
other educational institutions and with business and industry. The material is too complex, the 
required delivery systems too costly, the technological advancements too rapid, and the economic 
imperatives too critical for educational systems to meet the challenges independently. Such 
laudable programs as Tech Prep and School to Work are only the beginning of collaborative 
efforts we must create to prepare our students for the demands of the next century. 

When the National Science Foundation is asked to support programs in curricula development, 
science-mathematics literacy, faculty development, work force preparation, and laboratory 
instrumentation, it should do so within the context of institutional collaboration. As we all know, 
funding is a powerful motivation for change, andNSF should insist that institutions demonstrate 
their concern for articulation, cooperation, logical course sequencing, and resource sharing in 
their proposals for support. The concept of teamwork in problem solving, so critical in the work 
force, should be reinforced at every level in the educational process. 

Community colleges are most grateful that the National Science Foundation has increased its 
support over the last five years from about $1 million to more than $30 million. The renewed 
NSF emphasis on teaching - rather than just research - and work force education has been 
received with much enthusiasm by community colleges who are on the front line in the battle for 
mathematical and scientific literacy and career preparation. The Instrumentation and Laboratory 
Improvement program has helped update science labs in ways that would not have been possible 
before the program; and other funding has helped update our curricula through acquisition of new 
computers, CD-ROM, and video disks. 

Future NSF support should focus on the following areas: 

• Increased availability of sophisticated instrumentation in laboratory work. There is a 
world of difference for students between, for example, learning how to interpret an NMR in a 
textbook and actually taking an unknown sample, running the actual NMR spectrum and 
interpreting the information to arrive at the identity of the compound. Students become very 
enthusiastic when they are involved in hands-on experiments that mirror what a scientist 
might do. Similarly, the increased use of CD-ROM and videodisks helps students visualize 
the concepts being studied. Science is observational, and the use of more video techniques 
helps students - particularly in the field of chemistry - see what cannot be seen. Computer 
use should be interactive and kinetic, not limited to static data acquisition and display. 

• Enhanced faculty development. Such programs as national exchanges among colleges and 
business and industry would reinforce workforce expectations. Workshops on technological 
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advancements and curricula development would encourage faculty to adapt to change and 
incorporate more innovative teaching methodologies. 

• Continuous integration of SME&T instruction among elementary-secondary, community 
colleges, and university systems. In every community, these three levels should be linked to 
produce a logical sequence of instruction and an appropriate knowledge base for all students, 
no matter what their major course of study or career plans. Particularly in the public sector, 
our state legislators, educational agencies, and taxpayers are beginning to demand no less. 

• Expansion of curriculum reform. The calculus reform movement and the development of 
standards, such as NCTM, are excellent steps in this continuous process. More emphasis 
(and funding) should be focused on interdisciplinary curricula, improved textbooks, and 
assessment methods. 

Once again, thank you for the opportunity to outline concerns and recommendations today. 

Community Colleges look forward to a continued productive and mutually beneficial relationship 

with the National Science Foundation. 



Gwendolyn W. Stephenson was appointed chancellor of St. Louis Community College in February 
1992. She leads an institution that includes three campuses - Florissant Valley, Forest Park, and 
Meramec - and four education canters; serves more than 120,000 credit and non-credit students 
annually; employs more than 3,400 faculty and staff, and is supported by a budget of more than $100 
million. From 1988 until her appointment as chancellor. Dr. Stephenson served as president of 
College:^ Meramec campus. She joined the College in 1980 as dean of student services at the Forest 
Park campus. She served as the Collegers vice chancellor for planning and academic affairs from 1982 
to 1986, and as vice chancellor for educational development from 1986 to 1988. Before joining St. 
Louis Community College, Stephenson was employed by Washington University in St. Louis for seven 
years. She also has worked for Southern Illinois University-Edwardsville, the Missouri Department of 
Education, and St. Louis Public Schools. Dr. Stephenson earned a doctorate in education with a minor 
in research methodology in 1975 from St. Louis University and a management certificate in 1987 from 
Harvard University. She received a master:^ degree in counselor education in 1968 from St. Louis 
University and a bachelor^ degree in education in 1965 from Harris Teachers College. She is a 
licensed psychologist in Missouri. Dr. Stephenson serves on numerous state, regional and national 
educational advisory groups and on the boards of directors of local organizations including St. Louis 
Science Center, St. Louis Children^ Hospital, St. Louis College of Pharmacy, and the Urban League of 
Metropolitan St. Louis. She also serves on the board of directors of the American Council on Education 
and the Advisory Committee for the National Science Foundation's Division of Undergraduate 
Education. 
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Testimony on the Views of Institutions on Undergraduate 
Education in Science, Mathematics, Engineering, and Technology^ 

David R. Pierce 

President, American Association of Community Colleges 
Washington, District of Columbia 

My role here this morning is to be here in support of two very fine representatives of community 
colleges [Dr. Bruce Leslie, President of Onondaga Community College of New York, and Dr. 
Gwendolyn Stephenson, Chancellor of St. Louis Community College of Missouri.] These two 
outstanding leaders have both served on our Association^ Board and have both been in 
leadership positions while on the Board. 

I do, however, have a couple of observations to make. First, let me congratulate Dr. Melvin 
George, Dr. Luther Williams, and Dr. Robert Watson for their fine leadership in sponsoring these 
hearings. There is a tremendous change going on in our society, and much of it is being driven 
by science and technology developments. The important question is: how can the National 
Science Foundation engage its many resources and programs into helping our country and its 
citizens live in this world of rapid change? 

I read an article on productivity two weeks ago m Business Week. The article stated that we now 
have 62 PCs for every 100 people; we are almost at the point where there is one PC out there per 
person. The country closest to us by that measure is Japan, with only 17 PCs per 100 people. 
This fact can be viewed as a statement of the impact that science, mathematics, engineering, and 
technology are having on our society. Consequently, these are very important hearings that you 
are holding and we are pleased that you have invited us to present testimony. We know you will 
benefit from the perspectives of these two presenters. 

One other point I’d like to make is that Bruce Leslie mentioned the document Crossroads in 
Mathematics: Standards for Introductory College Mathematics Before Calculus . This was 
funded in substantial part by the National Science Foundation. This process that produced this 
document was very significant, because the National Science Foundation took leadership to 
engage the community college sector in a leadership capacity relative to higher education. These 
standards are intended to be - and in fact are they have just been out for a month the standards 
for mathematics below calculus in undergraduate education, for both community colleges and 
universities. The community college sector considers this document as a statement from the 
National Science Foundation of the importance of engaging community colleges and universities 
together in common cause. 

In closing, let me remind you that community colleges are strongly community-based. They are 
engaged with their communities to help thrive in this strong technology, science, mathematics, 
and engineering-based society that we live in. Community colleges have an important role to 
play. 



^ This text is an edited version of Dr. Pierced verbal testimony to the EHR Advisory Committee on 
October 25, 1995. 



David Pierce has extensive community college experience at the local, state, and national levels. 
During his career he has served as a community college instructor, department chair, academic dean, 
president, chancellor, and state director. In addition he holds an associate of arts degree from 
Fullerton College in California. Including his time as a student, David Pierced experience with 
community colleges exceeds 35 years. His professional involvement includes service on the Board of 
the American Association of Community Colleges, the AACC Futures Commission, and the Joint 
Commission on Federal Relations for AACC and the Association of Community College Trustees; and 
he serves on numerous boards and councils including the Phi Theta Kappa Board, the A A WCC Leaders 
Foundation Board, and the Advisory Board for the Harvard Institute for the Management of Lifelong 
Education. 
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Institutional Perspectives of College and University Leaders 



Frederick S. Humphries 

President, Florida A&M University 
Tallahassee, Florida 



Thank you Mr. Chairman, for this opportunity to share my thoughts with you on some of the 
most critical issues impacting undergraduate education in Science, Engineering, Mathematics and 
Technology. My comments, while broad in concept, speak to the rapidly changing demographic 
trends that are reflected in the increasing presence of members of minority groups in primary and 
secondary school systems today. 

“This country must sustain world leadership in science, mathematics, and engineering if we are to 
meet the challenges of today ... and of tomorrow.” These are the words of President William J. 
Clinton that served as the preamble in the report of the Forum on Science in the National Interest, 
held in January 1994. This report also states that "... science and mathematics education must 
provide our children with the knowledge and skills they need to prepare for the high-technology 
jobs of the future, to become leaders in scientific research, and to exercise the responsibilities of 
citizenship in the twenty-first century." 

One of the major roles of the National Science Foundation is that of ensuring that the country’s 
educational system provides to this country’s citizenry a level of training that will produce the 
technological workforce that will be required in the twenty-first century. This system must 
translate new information rapidly and efficiently to students in the classroom, capitalize on new 
technologies that will enhance learning abilities, and afford to every student an opportunity to 
effective utilization of his/her creative abilities. As is implied in the words of President Clinton, 
public literacy in science and technology is no longer an option; it has become a national 
imperative. 

Having made these opening observations Mr. Chairman, I must express concern that demise of 
Russia as a major world power has lessened this country’s resolve to maintain a strong and 
vibrant science and engineering education enterprise at the undergraduate level that will provide 
sufficient training to all of its citizenry. We must remember that the strong system of secondary 
and higher education of the sixties and seventies produced the American Nobel Laureates of the 
nineties. This country has developed a cadre of science and engineering research universities that 
are unparalleled in their ability to provide state-of-the-art graduate education. Data shows 
however, that the majority of American entrants into this graduate education system are bachelor 
degree recipients from the smaller liberal arts colleges and comprehensive universities. 
Accordingly, I would argue that we must continue to maintain a strong undergraduate science and 
engineering training program in these institutions so as to maintain this country’s scientific 
preeminence. 

In the same vein, our education system must ensure ample opportunities for training for the 
increased number of minorities in SME&T fields. The stature of America into the twenty-first 
century will be defined by the contributions of all its citizens. We must sustain the educational 
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intervention programs that enhance the preparation of inner city and rural youths and insure that 
every person has an adequate opportunity to serve as a contributing citizen. 

The National Science Foundation has supported the development of partnerships of the multiple 
stakeholders to impact and enhance the educational continuum. These coalitions have provided 
manpower and resources that reinforce areas in which we, in academia, require assistance. It 
also serves to provide students real life experiences that make classroom learning more 
meaningful. 

The technological revolution has bypassed the inner cities and is deficient in equalizing 
opportunities provided to this segment of the population with the scope of their desires. This 
failure can be attributed to society as a whole rather than the individual educational consumer. 

Teachers who do not have access to technological equipment cannot teach the technology skills 
required of a competitive society in the next century. Curriculum revision cannot take place if 
adequate resources are not available. The technological age is a cost driven age. 

Several years ago the National Science Foundation budget was about $1.7 billion. President 
Bush promised that he would double NSF budget to approximately $3.5 billion. The member 
institutions of the American Association of State Colleges and Universities through its Science 
and Technology Committee recommended that as the National Science Foundation budget 
increased, the increase would place a significant emphasis on education - two-thirds research and 
one-third education. This would have increased the education budget to something on the order 
of $1.2 billion if our recommendation had been followed. 

Education today is more expensive than it has ever been but it will cost more to ignore this 
inequality than it would to provide the proper resources for science education at the 
undergraduate level. 

The National Goals, which were proposed in the early 1990s, represent a framework for 
addressing the educational needs of all citizens. 

As this nation forges ahead to become first in the world in science, mathematics, engineering and 
technology, the needs of minorities must be addressed. The stature America will hold in the 21st 
century will be defined by the contributions of all of its citizens. Education will play a major role 
if this mission is to be accomplished. Educational interventions that are inclusive of all citizens, 
that are sustained and substantial, are the only means for success. 

The growing diversity of industry/education partnerships, which are coming together, enhances 
education. These coalitions provide manpower and resources that shore up areas in which we, in 
academia, have lost support. It also serves as a means of providing a needed continuum in 
education. 

In a similar view of cooperation, collaborations are beginning to emerge between our two-year 
anal four-year institutions. Since the two-year institutions serve a large number of minority 
students, the linkages, which are developing between the institutions of higher learning, appear to 
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be facilitating student access to the upper-division level. More effort needs to be made in this 
regard. 



There is a crisis in graduate education. The intractable movement of African Americans into the 
Ph.D. ranks, particularly in mathematics, science, and engineering, is unacceptable. This nation 
cannot seem to surpass the progress made in the 1970s for Ph.D.s in engineering, or even secure 
double digits for Ph.D.s in mathematics. Barely 19 or 20 Ph.D.s are being awarded annually. It 
is an embarrassment to this nation that we cannot do any better than that in the production of 
African Americans in the Ph.D. arena. 

A second significant point pertaining to graduate education is the continuing erosion of Ph.D.s in 
science, mathematics, and engineering given to native-born Americans. Every day that we live, 
more and more Ph.D.s are awarded in mathematics, science, and engineering to a greater number 
of international students and a lesser number to native-born Americans. This nation is failing to 
train its best people. This should be of serious concern to everybody who is concerned about the 
production and the development of the human resource in this Nation. 

The federal government has recognized the value of early and sustained intervention in preparing 
minority youth for careers in the science, mathematics, engineering and technology areas. The 
last decade has seen support for the efforts being made at the university level. The level of 
support must be projected on a long-range basis granted that the programs demonstrate success. 
The system- wide approach to reform sparked by the National Science Foundation is taking hold 
in the various states, which are receiving support. There is more evidence of partnership and 
collaboration than at any time in our history. These partnerships and collaborations have 
generated the feeling that, it will take the efforts of an entire nation to educate our youth. 

In the K-12 system there is a lack of first-rate science and mathematics education providers to the 
rural and urban sectors of our society. Most of the well-trained science and mathematics teachers 
are not teaching in the inner cities and rural areas of America. We have a modest level of success 
with mathematics and science teachers in the suburban areas. That is where the best education in 
science and mathematics is happening. 

In rural and inner cities, many of the schools lack mathematics and science infrastructure. This 
results in inadequate mathematics and science laboratories. When many of the students graduate 
from these school systems, they are termed “underprepared” and need remediation in mathematics 
and science to be competitive in any reasonably good university or college in our Nation. 

We have all kinds of circumstances where we reward and pay homage to distinction and 
achievement in research. There are a tremendous number of opportunities for the people who 
make contributions to the advancement of knowledge through research to be acknowledged for 
their significant and dedicated hard work. We need an organization that focuses on and requires 
annual professional meetings dealing with this whole issue of making scientists, engineers, and 
mathematicians. What works effectively in the curriculum? What is the curriculum restructuring 
mechanism? 

The National Science Foundation needs to use its tremendous influence to make way within the 
National Academy of Science and Engineering so that the great teachers of science and 
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mathematics can be afforded the privilege to belong to the academy in an educational capacity 
and not in a research capacity. 



There are teachers who develop good scientists, mathematicians, and engineers; teachers who are 
inventive in finding ways of captivating the interest of young people to go into those fields; and 
master teachers who can solidify that interest by inspiring a student to become a Nobel Laureate. 
Build a mechanism, which reinforces the notion that it is worthwhile to pay attention to these 
very important activities in our society. 

Programs developed in the Education and Human Resources Directorate of the National Science 
Foundation are tremendous and excellent starts, but they are not the end in terms of what is 
needed to be done to continue this role of increasing the numbers, particularly of minorities, and 
increasing the numbers generally of our society in mathematics, science, and engineering. 

Given the political climate of the past several years, it is evident that the academic arena cannot 
accomplish this mission on its own. We must have the full commitment of partners who believe 
in a system of fair and equal opportunity for all. One of my major concerns is the fact that 
support for public colleges is becoming more dependent on revenues from tuition and fees owing 
to the decrease in funding from State and Federal sources. This situation has even greater impact 
on the number of minorities progressing through the system and receiving baccalaureate degrees 
in four to six years. Increasingly, minorities enrolled in college are required to carry reduced 
course loads or even delay college owing to the combination of limited financial aid, rising tuition 
and the limitation of course availability. Budget compression is forcing institutions to increase 
class size in order to maintain existing levels of enrollment. 

If America is serious in its desire to maintain its lead in the world in science and technology, then 
America must be committed to providing the necessary resources to see that adequate SME&T 
training is available to all students in secondary and post-secondary education. 

Listed below are my recommendations of a realistic approach to a comprehensive action-oriented 
revolution of our educational system: 

• Promote the development of new curricula emphasizing virtual reality and simulation 
training in the teaching of science, mathematics, engineering, and technology subject 
areas at the undergraduate levels. 

• Promote the development of State/Federal partnerships to fund the replacement of 
aging facilities and equipment utilized in teaching science, mathematics, engineering 
and technology subject areas. 

• Increase the level of science, mathematics, engineering and technology funding 
designed to attract students Irom the inner city and rural areas. 

• Promote collaborative efforts among faculty that will facilitate a multidisciplinary 
approach to the education of all students regardless of major. 

• Promote the dissemination and utilization of science, mathematics, engineering and 
technology curricula that have proven successful. 
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• Establish an organization to focus on the professional development of scientists, 
engineers, and mathematicians. 

• Encourage the National Academy of Science and Engineering to expand membership 
requirements to include science and mathematics in an educational capacity. 

• Fund and promote the utilization of distance learning facilities to infuse science, 
mathematics, engineering and technology instruction into secondary and post- 
secondary curricula. 

• Fund and promote partnerships between higher education and industry that will 
ensure relevant laboratory experiences for the next generation of the science, 
mathematics, engineering and technology workforce. 

• Ensure the education of a sufficiently diverse science, mathematics, engineering, and 
technology workforce so as to afford each citizen an opportunity to contribute to the 
country’s well being. 

• Forge at both the state and national levels, communities of stakeholders students, 
parents, faculty, administrators, scientific sources, accessible bodies, employers and 
local, state and national leaders - who demonstrate their support for education. 

• Create an environment where faculty can effectively integrate their research and 
teaching at the undergraduate level. 

• Provide a level of support, which will enable the K-12 system to effectively 
administer programs, which demonstrate and enhance comprehension of scientific 
and technological subjects. 

• Introduce prospective teachers to the classroom setting early in their preparation and 
continue this exposure while developing their proficiency in science, mathematics, 
engineering, and technology. 

• Promote the development of University-Community College articulation agreements 
that provide services to promote scientific interest and scientific literacy before 
students complete their associate degree programs. 

Recently there has been a high level of concern about the quality of the products of our 
undergraduate institutions and questions regarding their preparation for diverse post- 
matriculation endeavors. The enhancement programs, which are emerging with Federal and State 
support, have demonstrated that a comprehensive and holistic approach to learning will produce 
students who are up to the challenges of post-graduate education. 

I strongly endorse continuation of the Following National Science Foundation Initiatives: 

• Instrumentation and Laboratory Improvement; 

• Course and Curriculum Development; 

• Undergraduate Faculty Enhancement; 

• National Science Foundation Collaboratives for Excellence in Teacher Preparation; 

• the Alliance for Minority Participation in Science, Engineering, and Mathematics; 
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• the Systemic Statewide Initiatives Programs; and 

• the Advanced Technological Education program. 

Furthermore, I strongly support the continuation of undergraduate programs sponsored by the 
National Institutes of Health, Minority Access to Undergraduate Careers Research Program, 
Minority Biomedical Research Support Program - and the office of Naval Research such as 
BIONR. All these programs have played a vital role in increasing the pool of minority scientists 
and engineers in our country. 

I urge you to make the tough decisions and redirect funding so that all undergraduate students 
would have access to state-of-the-art equipment, modem facilities and innovative curricula 
anchored by inspiring and well prepared professors. We must rise to the challenge if we are to 
meet the technological demands of leadership in the 21st century. 



When Frederick S, Humphries was appointed President of Florida A&M University in 1985, he 
brought new tools and ideas designed to dramatically impact the national perception of Historically 
Black Colleges and Universities. He set as a major goal early in his administration to challenge 
Harvard University in the race for National Achievement Scholars, the most academically talented 
black students in the country. He accomplished his goal in 1992-93 and again in 1994-95 when FAMU 
led the nation in the recruitment of National Achievement Scholars. He serves on numerous boards and 
committees including the White House Advisory Committee on Historically Black Colleges and 
Universities, and as a member of the Board of Directors for the Wal-Mart Corporation. His honors 
include the University of Pittsburgh^ Bicentennial Medal of Distinction and the 1990 Thurgood 
Marshall Educational Achievement Award. He received his bachelor^ degree in chemistry from 
Florida A&M University and the Ph.D. degree in physical chemistry from the University of Pittsburgh. 
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Testimony Before the Undergraduate Review Subcommittee 
of the National Science Foundation 

William E. Kirwan 

President, The University of Maryland 
College Park, Maryland 

Mr. Chairman, I am pleased to be able to appear before the committee created by the National 
Science Foundation to review undergraduate education the areas of science, mathematics, 
engineering, and technology (SME&T). I hope that my comments will be useful to you as you 
begin this important undertaking. 

You have identified a number of broad issues relating to science and technology education in our 
nation's colleges and universities. My remarks will focus on two of your major concerns: 
improving the quality of the undergraduate curricula in SME&T areas, and identifying changes in 
institutional policies and practices that might contribute to the desired changes. I would be happy 
to address the remaining issues, if time permits, in response to the committee's questions. 

Strengthening Curricula in SME&T Fields 

Certainly one key to improving instruction in areas of science and technology will be affording 
our students greater access to powerful and easy-to-use computers for data analysis, simulation, 
and instrument interfacing. The networking of computers has opened up the processes of 
information gathering, analysis, and the dissemination of knowledge, and the effects are already 
visible in many of our classrooms. Computer linkages with federal agencies and private industry 
now offer invaluable opportunities for our undergraduate engineering and science students to use 
state-of-the-art design models. In the near future we can expect to see a dramatic increase in the 
number and variety of electronic texts being made available for use in undergraduate instruction. 
In our electronic classrooms at College Park we have observed first-hand the tremendous 
potential of computers to enhance learning, and there is every reason to think we are just at the 
beginning of this era. 

There is also now widespread acceptance of the proposition that, in science areas as in other 
disciplines, students learn best when they work within problem-focuses formats. Where students 
can take an active or 'constructivist' approach to problem-solving, where they are able to take a 
direct role in the development of their knowledge rather than mimic behavior of the past. They 
can more quickly overcome their misconceptions as well as acquire a greater degree of interest in 
the subject matter. In the process they also gain experience in the kind of cooperative, 
collaborative approach to research that will be characteristic of later stages of their careers. At 
the moment, however, student- and problem-centered instruction is found in many institutions 
largely in the form of pilot projects supported by external grants, with special, sometimes 
Herculean efforts on the part of individual faculty and staff These successful pilot projects must 
become the norm, and not the expensive, labor-intensive exceptions in our science and technology 
curricula. 

In addition to mastering the skills and knowledge specific to the field of study, students enrolled 
in SME&T disciplines will increasingly need to improve their communication and problem- 
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solving skills, to acquiring a positive attitude lifelong learning, and to be able to deal effectively 
with the ethical dimension of their professional lives. At present few courses in areas of science 
and technology offer significant opportunities for students to develop facility in oral and written 
expression, or to pursue broader questions relating to the nature of scientific knowledge and 
inquiry. 

In light of what we now know about the ways in which science and technological development 
affect the environment, for good as well as for ill, it is also imperative that we afford our students 
opportunities to reflect on how their actions as individuals will contribute to the larger problem, 
or to its solution. As David Orr recently put it, “the kind of discipline-centric education that has 
enabled us to industrialize the Earth will not necessarily help us to heal the damage caused by 
industrialization.” ' 

In thinking about improvements in the quality of education at the college and university level we 
should also keep in mind that many of our students are entering their programs of study with 
inadequate preparation and knowledge in the sciences, especially in mathematics. This lack of 
proficiency manifests itself even in such everyday activities as solving simple proportional 
equations and graphing X-Y plots. I am aware of a number of reform efforts that are underway at 
the elementary and secondary level, and many of these show great promise. 

The point is that those of us within the higher education community must regard what goes on at 
the elementary and secondary level of education as our concern as well. 

Needed Changes in Institutional Policies 

It is my view that to a large extent upgrading the quality of the undergraduate educational 
experience is a matter of individuals and institutions having the determination to put into general 
practice the kinds of innovative approaches that have already been shown to be successful in 
various pilot projects. But, to a very large degree, this moans we must give considerable thought 
to what we expect our universities faculty to be doing in future years. 

A significant number of faculty throughout the nation, and in all disciplines, have some sense of 
the importance of upgrading the quality of undergraduate instruction. But many others have little 
desire and incentive to take part. Indeed, to be perfectly frank, a significant percentage of faculty 
resist taking the time and effort required to incorporate new scientific and instructional 
technologies within their own instructional activities. And many, perhaps most instructors carry 
out their teaching assignments with little understanding of the nature of the learning process and 
which approaches to teaching might be most conducive to their students' learning. At our nations' 
research universities, most existing faculty performance-assessment and reward systems afford 
little opportunity for recognizing the effort of those faculty who are prepared to make a major 
commitment of time and effort to work toward improving the quality of undergraduate 
instruction. To some extent, then, enhancing the quality of undergraduate education will require a 
fundamental change in the priorities by which faculty decide how to spend their time, as well as a 
more learning-focused set of performance reward systems. 



‘ David Orr Earth in Mind: On Education, Environment, and the Human Prospect. (Washington, D.C. 
and Covelo California, 1994) p. 2 



The magnitude of the impact of poorly prepared entering students on instruction at the college 
and university level highlights the importance of improving communication and forging new 
alliances with teachers at elementary and secondary levels. In my view, improvement in SME&T 
instruction at the college and university level requires that K-12 teachers participate in the 
process of setting the reform agenda and that colleges and universities undertake to provide 
teachers with the kind of preparation and in-service training they will need in order to introduce 
new materials, concepts, and teaching styles into the classroom. It is essential that we work to 
increase understanding of the ways in which our nation's educational system is a unified whole. 
The various levels depend on one another in many ways, but we rarely plan and execute 
programs accordingly. So here also universities must find ways to support the efforts of teachers 
at the elementary and high school levels, and to reward the members of the university community 
who are prepared to build stronger school-university relationships. Thank you very much, Mr. 
Chairman. 



William English Kinvan has served as President of the University of Maryland at College Park since 
1989. A member of the College Park mathematics faculty since 1964, Dr. Kirwan has played a pivotal 
role in shaping the destiny of the state of Maryland's flagship campus. In 1981, after serving as Chair of 
the Mathematics Department for three years, he was appointed to University's chief academic post. As 
Provost and Vice Chancellor, he raised admission standards, increased the number of merit 
scholarships and fellowships, and established an academic planning process. When he became 
President, the University undertook a major restructuring of its academic organization, and a renewed 
emphasis on undergraduate education. One of the nation^ most respected educators. Dr. Kirwan has 
served as Chair of the Mathematical Sciences in the Year 2000 Committee, a task force created by the 
National Research Council to improve mathematics education at the nation's colleges and universities 
during the next decade, and as charter member of the NRC^ committee on Undergraduate Science 
Education. 
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Mr. Chairman, thank you for the opportunity to speak before this committee. I am very 
appreciative of the chance to share some of Dr. William (Brit) Kirwan's time here. He serves as a 
member of our Association's Board and provides important leadership to the work of AAC&U. 
The review that you are undertaking of undergraduate education in science and technology is 
timely and important, and it is a privilege to join so many fine colleagues in trying to contribute 
to your efforts. 

You are receiving excellent testimony from colleagues representing the disciplines and colleges 
and universities, whose experiences with advances in science and engineering education are 
current and in depth. The perspective I bring is that of an association whose activities involve 
working with academic administrators and faculty leaders across hundreds of universities and 
colleges. 

The AAC&U mission is to strengthen and promote liberal education. We interpret contemporary 
liberal education as an education that prepares students to best understand, analyze and 
contribute their developed knowledge to the world they can come to know. Such an education 
includes the study of the arts and sciences, implies the understanding of interdisciplinary 
connections and anticipates integration of theory into their lives, lived in a changing world. The 
study of science and mathematics, engineering and technology all have absolutely essential places 
in such a liberal education-and for students who major outside these fields as importantly as for 
those of us who majored within them. My own background includes a number of years as an 
organic chemist, briefly in industry then in a university, before I moved into campus 
administration. 

AAC&U has long been involved in projects, a number of which have been funded by NSF, which 
address the improvement of curricula and teaching practices in the scientific disciplines-for 
undergraduate majors and in general education courses. 

Brit Kirwan, in his testimony spoke of "upgrading the quality of the undergraduate educational 
experience" as being to a large extent "a matter of individuals and institutions having the 
determination to put into general practice the kinds of innovative approaches that have already 
been shown to be successful in various pilot projects." He talks of the need for "determination" in 
order to translate successful pilots into general practice. I think that his "engendering the 
'determination' to translate successful pilots into generalpractice" is a central issue for us. This is 
the only way we shall ever see widespread improvement in undergraduate science education for 
all students. 

AAC&U works with many hundreds of individuals and campus science and engineering 
departments, and we are impressed with the range of effective innovations being made. At the 
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same time, too often it appears that the faculty members have thought up their own ideas in 
relative isolation. A chemistry faculty friend recently said to me: "NSF knows that it is getting 
good value for its dollar investment in research. But teaching is not the result of training 
comparable to research, and the reform of teaching often seems to me driven by uninformed 
bright ideas." Maybe each innovation is too much a separated pilot project. Much of others’ 
testimony will speak well to many of the best practices, and will be important for the review. 

We do all lack knowledge of how to spread the best practices for others to access. Once 
disseminated, how is interested faculty inspired to transmute them into their ow/i laboratories, 
classrooms or technology-aided instruction? I think that complex understanding of this process is 
needed to successfully propagate multiple improvements. 

At AAC&U it is said that we try "to enable our member institutions or departments to do together 
what they cannot do alone." In earlier decades, our projects aimed to bring together faculty to 
spark each others initial ideas around a particular reform. This is probably still the underlying 
premise of content-filled educational meetings. Sometimes we can return to our own campus 
ready to adapt the new ideas to our own setting. Very often, however, on our return the initial 
idea with its attendant energy just dies. 

In more recent years, our association has strongly encouraged campusfeam^ to participate in our 
annual meeting; almost all our funded projects now involve teams also. A group of colleagues 
sharing an off-campus experience can better enable the work to be sustained back on campus. 
The group brings back a tiny encouraging community. 

A continuing use of this practice is in the AAC&U "Asheville Institutes." Two of these, in which 
interdisciplinary science with humanities general education courses were designed, NSF helped 
fund. Over the past five summers, 105 colleges and universities have sent five-member teams of 
faculty and an academic administrator for 6 days. Administrative commitment from the beginning 
enhances the likelihood of the innovations being adopted and supported on campus. For particular 
projects, the involvement of a trustee or the president of the institution is required. I cite these 
examples to illustrate the complexity of the process by which the initial bright idea for the 
improvement of some aspect of undergraduate science teaching will finally be spread (and often 
changed en route) to lastingly improve quality. 

Wherever dramatic transformation is planned, efforts must be sustained by multiple means. The 
pairing of institution teams, with occasional trips to each others campuses, enables exchange of 
experience at much deeper levels. We are beginning to utilize listserves and other electronic 
communications; these hold great promise for the future. When a team can stay connected with a 
project for a year, much more opportunity for help with economic and political issues 
surrounding the introduction of reforms can occur. In such cases, nationally respected consultants 
can offer informed assistance. As an example, the lack of faculty rewards for teaching and the 
lack of recognition for innovative developments are widely cited as a disincentive to reform. 
Consultant help might offer outside credibility and cite other positive experience. 

Sometimes projects falter along the way. A planned final gathering of project leaders can spur 
sustained effort. The goal is always to achieve students studying well in the reformed curriculum 
and assuming that good assessment tools are in place. In just one AAC&U project (not one in 



science education alas!), funding was provided so that we could, several years later, send an 
outside evaluator to each campus involved. I have the written report now, and I think this is an 
extraordinarily good means for a funding agency, and others, to know how deeply a reform is 
rooted. Such evaluations would also inform the design of later funded projects. I believe that 
this Review Subcommittee might consider this idea further. 

I have asked here for you to consider how best to multiply the impact of fine examples of 
undergraduate curriculum reform. Simple dissemination is not enough, whether by print, 
electronic or face-to-face means. We are rapidly learning that students learn best when they are 
enabled to actively construct their own understanding. It is scarcely surprising then, that faculty, 
too, learn to teach best when they can use others’ ideas - out of which they are enabled to 
construct their own teaching. Enabled means having others to talk and debate with, having 
support to experiment and being recognized for the intellectual effort demanded. 

I cannot finish my testimony without adding a word on the continuing needs of women and 
minority faculty to be supported and “enabled” as creative reformers in the world of science and 
engineering education. This world is still a more difficult one for a variety of reasons; the past 
support of NSF is deeply appreciated. Many of us hope it can be sustained. 

A final word on the role of graduate education as a preparation for the role of future professor. 
AAC&U is undertaking, with the Council of Graduate Schools, a project on “Preparing Future 
Faculty.” Under it, Ph.D. students (many of whom are science and mathematics students) at 17 
research universities are having a planned “field exposure” to the life of professors at the 
neighbor college, these graduate students are receiving unprecedented introductions to the 
professoriate. We are particularly pleased to have minority students in these programs, which we 
hope will be encouraged to seek faculty positions on graduation. I hope that NSF and other 
government and private agencies will help us plan ahead for the kind of informed young faculty 
members we want to design and teach our undergraduate science, mathematics, engineering and 
technology courses of tomorrow. Thank you. 



As president of the Association of American Colleges and Universities (AAC&.U), Paula P. Brownlee 
heads the only higher education organization of member institutions that focuses on strengthening 
liberal education on our nation^ campuses. AAC&U was founded in 1915 and is now composed of 
more than 660 public and private colleges and universities, whose presidents, deans, and faculty 
members are the active participants. The goals of AAC&U are carried out through its research and 
publications, projects, national meetings, and specialized workshops. Before becoming president of 
AAC&U in September 1990, Dr. Brownlee was president and professor of chemistry at Hollins College 
for nine years. Previously, she was dean of the faculty and professor of chemistry at Union College for 
five years and a dean and tenured faculty member in chemistry at Rutgers, the State University of New 
Jersey. She received her bachelor^ and doctoral degrees in chemistry from Oxford University and held 
a post-doctoral fellowship at the University of Rochester before working briefly in chemical industry. 
She was recently elected Honorary Fellow of her college, Somerville College, Oxford. 
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I appreciate the opportunity to testify on the subject of undergraduate education in the fields of 
science, mathematics, engineering, and technology (SME&T). This subject lies at the heart of 
what we do at New Jersey Institute of Technology. The leadership of the National Science 
Foundation is exceedingly important to us, and I am delighted to participate in this dialogue. 

In 1986, a National Science Board task committee under the leadership of Homer Neal, issued a 
report that has contributed to significant change in undergraduate education in science, 
mathematics, engineering, and technology. 

That report - an analysis of the weaknesses and findings of traditional attitudes and approaches 
to SME&T instruction, followed by specific recommendations for reform - set the tone for a 
decade of rethinking and retooling. Although much remains to be done, I think it is fair to say 
that the stimulus provided by the National Science Board, and the advice and support 
subsequently provided by the National Science Foundation, have helped transform the way 
faculty approach the mission of undergraduate instruction in SME&T fields. 

Today I would like to share with you my assessment of the impact those efforts have had at one 
institution. New Jersey Institute of Technology. I will describe our philosophy of undergraduate 
education. Cite some of the specific steps we have taken, and offer some comments on what is 
working best. 

A recurrent theme in what I have to say will h^the importance of context. 

Let me begin, therefore, with a bit of context for my remarks. The central purpose of 
undergraduate education at NJIT is to prepare students for careers as "complete professionals" 
with the potential for leadership in their chosen fields of endeavor. Let us review for a moment 
the specific characteristics of such a person. It goes without saying that "professional" conduct 
implies honesty and integrity. In addition, a “complete professional": 

• embraces responsibility 

• is technologically proficient 

• communicates effectively 

• comprehends the interdisciplinary nature of innovative thinking 

• can see the totality of an enterprise and the inter-relatedness of its goals 

• understands the competitive nature of the marketplace 

• is entrepreneurial 

• respects the environment 
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• adapts to change with flexibility 

• is a productive and cooperative team member 

• appreciates and respects diversity; and 

• continues to learn throughout life. 

I believe that our success as a nation will depend upon such people. People who can lead in a 
global economy, keep our corporations at the cutting edge, design and produce goods, employ 
natural resources in an environmentally benign way and do all these things with respect and 
appreciation for diversity. 

The key, of course, is to provide a comprehensive, well-rounded education that maximizes a// of 
the values listed above. The package is incomplete if scientific and technical excellence is 
sacrificed; but it is also inadequate if the pursuit of scientific and technical expertise precludes 
attention to the external context within which the science and technology enterprise functions. 
The old saw about the value of a broadening general education at the undergraduate level holds 
true today, perhaps more than ever. 

How is all this to be accomplished? 

There is no simple formula for success. But it is certainly possible to point out a number of 
contributing factors that have demonstrated effectiveness. Reforms of curricular design and 
course content, the introduction of improved pedagogical methods and new technologies, the 
integration of research into undergraduate teaching, and institutional recognition of faculty 
efforts in undergraduate education are among them. 

In each case, NSF has served as a powerful catalyst for change. NJIT and many other 
institutions have benefited from its guidance and support. 

In the balance of my remarks I will try to demonstrate why I make that assertion. 

We know that one objective of SME&T education must be to captivate students: we must 
literally capture their imagination, and then we must hold their interest. The key, I believe is to 
teach in context and to give students a realistic preview of the roles played by the engineer, the 
architect, the scientist, and the manager. With NSF support through the Gateway Coalition and 
two major grants under the Technology Reinvestment program, we are reconfiguring the shape 
and content of the undergraduate curriculum at NJIT. 

There are a few specific features of the new curriculum 

• A new required full-year courst. Fundamentals of Engineering Design, involves all 
freshmen in complex, open-ended design problems from the very beginning of the 
curriculum. 

• Traditional freshman humanities and social science courses are coupled to the 
Fundamentals of Engineering course to create a cohesive sequence that emphasizes 
connections among the fields of human knowledge. 
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• Multi-lifecycle and pollution prevention concepts will be introduced throughout the 
curriculum to show students that economic viability and environmental responsibility 
are essential considerations in developing design solutions. 

• We are developing computer-assisted decision-making tools that introduce 
environmental concern in the form of “clean" manufacturing considerations at every 
stage of the design process for use in freshman chemistry classes as well as for 
direct use by industry. 

• Our factory floor, summer internships, and cooperative education programs offer 
immediate hands-on experience. 

• A required seminar series will bring to the campus speakers from industry to discuss 
manufacturing topics from the perspective of their direct experience. 

• In chemical engineering, required courses link communication and critical thinking 
to the analysis of chemical processes, unit operations, and plant design. 

• Required courses in economics and management have been combined into a single, 
year-long course that leads students through the critical financial considerations that 
must be taken into account in producing goods and services. 

• A course for seniors gives them the opportunity to carry out projects from product 
conceptualization through commercialization as a capstone experience. 

Thus, throughout the curriculum, we will provide integrating learning experiences that provide a 
foretaste of the complexities of the workplace. Students will realize before they graduate that 
professional success depends upon the ability to organize a variety of human resources as well as 
apply science and mathematics. This is truly science, mathematics, and technology/^ context 

Other new modes of undergraduate education supplement these curricular developments. For 
example, we now offer undergraduate students the opportunity to work directly with a faculty 
mentor, thereby experiencing the kind of thinking and experimental activity that goes on in the 
world of basic or applied research. 

The use of computer technology in delivering the undergraduate curriculum also takes the form 
of distance learning. With the support of the Sloan Foundation, NJIT now offers an entire 
undergraduate degree program (the Bachelor of Arts in Information Systems) through computer- 
mediated instruction supplemented by videotapes. 

The curricular improvements we have undertaken appear to be having beneficial effects on our 
students. One indication of this is last year^ 85 percent retention rate from the freshman to the 
sophomore year. Another is the enthusiasm reported by many of our faculty members. 

Yet the curriculum as a whole might best be characterized as a "work in progress." It is surely 
not perfect, nor has it been developed to our full satisfaction. The individual strands I have 
described have yet to be woven together as a coherent a fabric as we would like to see, with a 
pattern that commands immediate recognition when viewed from a distance. 
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The ultimate goal is to educate professionals with a better understanding of their calling, thereby 
rendering them better prepared to lead others. The means is a curriculum bound together not 
only by a traditional set of academic objectives that are related to the notion of preparing 
students for professional practice, but also by a broad thematic expression that represents the 
profession directly. Real curricular integration demands explicit linkage between and among 
sources. 

A desirable consequence will be higher retention and graduation rates. If the broad thematic 
motif is sufficiently compelling, it will arouse curiosity and stimulate interest. We can then hope 
to spur better teaching on the part of faculty and better learning on the part of students. 

The challenge to university leaders is to nurture a unity of purpose within the campus 
community. It is no trivial matter to do this with individuals, both faculty and administrators, 
who tend to view the world from a discipline-oriented perspective. Moreover, the academic 
enterprise rightly values individual creativity. Curricular unity must be achieved without 
compromising the “free market” of ideas, without sacrificing open-ended debate and intellectual 
controversy. 

Clearly, the university community will need more time to internalize the conceptual framework 
embodied in the new curriculum, and to capitalize more fully on its pedagogical possibilities. 

Two additional points arise from the notion of a broad reform of the undergraduate curriculum 
based on integrating themes. 

First, undergraduate education does not take place in a vacuum. The next generation of faculty 
is emerging from Ph.D. programs across the nation. They will be expected to teach a new 
undergraduate curriculum. It follows that the nature and content of Ph.D. programs themselves 
deserve reconsideration, especially in the SME&T fields. If we need faculty attuned to new 
approaches in undergraduate education, we should deliberately build the necessary components 
into our doctoral programs. 

Some of the necessary components are obvious. More emphasis on making interdisciplinary 
connections and on filling the lacunae in the matrix between the disciplines. More opportunities 
to teach. More emphasis on preparing for non-academic careers by working in teams and 
learning leadership skills. More emphasis on the roles of quality and cost in an era of global 
economics. More emphasis on the need to realize the commercial value of research. 

Second, I cannot leave the matter of undergraduate curriculum without reference to the training 
of schoolteachers. Since so much more can be accomplished when the interest and motivation 
start at an early age, the teaching of “SME&T in context” should begin in the elementary and 
secondary schools. It therefore stands to reason that colleges and universities, and - more 
importantly - those individual faculty members who know how to teach SME&T in context, 
should be playing a central role in the education of future K-12 teachers of math and science, 
rather than institutions and faculty whose primary focus is on pedagogical methods. And there 
should be far more interactions between elementary/secondary schools and universities that teach 
the sciences, engineering, and technology. 
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The faculty reward system is another powerful tool. 

As I see it, the distinction between a Ph.D.-granting institution and other colleges and universities 
is not based on a difference in the importance attached to undergraduate education. NJIT's 
academic culture is defined by the presence of a faculty engaged in undergraduate instruction as 
well as graduate education, research, continuing professional education, and professional 
practice. The faculty’s experience of research and professional practice adds freshness and 
excitement to the classroom and the laboratory. They integrate what they have learned from their 
own work into the material they teach. The unity of teaching and research is becoming a way of 
life at NJIT precisely because it contributes powerfully to excellence in professorial education. 

Once again, NSF support has encouraged us in the right direction. With two grants under the 
CRCD (Combined Research-Curriculum Development) program, new graduate courses will 
incorporate current faculty research in the fields of particle technology and optoelectronics, and 
the fundamentals can be integrated into undergraduate courses long before they appear in 
textbooks. 

That said, it remains necessary to remind faculty that the university values undergraduate 
instruction. 

NJIT^ promotion and tenure processes emphasize good teaching as well as research 
productivity. In the review of each candidate for promotion and/or tenure we examine the record 
of teaching - including curriculum and course design, advisement, and very importantly the 
results of student evaluations. No one who is rated less than “good” as a teacher is recommended 
for advancement, regardless of the individual^ intellectual research record. 

Recognition can take other forms as well. NJIT has a program of annual awards for excellence 
in teaching. I can report that faculty take great satisfaction from the recognition they receive 
from their peers and from students. Some have been heard to say with pride that they devote 
themselves primarily to teaching undergraduates. 

The transition from school to college can be particularly difficult for students interested in the 
SME&T fields. Most of them come with no prior experience of what to expect, or what will be 
expected of them. The high national rates of attrition from collegiate SME&T programs can be 
attributed in part to this discontinuity. 

At NJIT we approach the problem in two ways. 

First, we think some prior experience provides a useful bridge to college. In 1970, we started a 
pre-college program in urban engineering with 30 high school students from the Newark area. 
Today, with support from a large number of foundations and corporations, our pre-college 
programs have expanded to include 3000 students per year from elementary school through high 
school and several hundred teachers. One program, funded by NSF since 1990, introduces rising 
8th and 9th graders to research in the fields of environmental science and civil and environmental 
engineering. All of these programs provide a foretaste of college and are designed to plant the 
seed of interest in the fields of science, engineering, math, technology, and architecture as 
potential careers. Again, teaching in context. 
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To assure greater continuity for students who begin their college careers at community colleges, 
a consortium of New Jersey colleges and universities that includes NJIT, together with local 
industries, high schools, and professional societies, has been awarded another NSF grant to 
create a national center of excellence in engineering technology education. The center will 
develop a model associate degree program in Mecomtronics Technology and work toward the 
restructuring of existing engineering technology programs. 

The second approach, one that has become standard at many colleges and universities, is to 
provide far more extensive orientation and adjustment programming than was traditionally the 
case. At NJIT this takes the form of a pre^eshman year summer orientation experiencewe call 
“miniversity,” a first semester freshman seminar designed to develop early awareness of the 
attitudes and behaviors that contribute to long-term success in college; an “early warning” 
system designed to call attention to students who may need special advice, tutoring, or 
counseling; and an academic advisement system that operates from the first semester through the 
senior year. 

It is also important to emphasize fuller participation by members of groups underrepresented in 
the SME&T fields, especially women and minorities. I say this for two fundamental reasons: 
First, fuller participation is a simple matter of equity. In light of the long history of social 
inequities, attempts to deal with the effects of economic and educational disadvantage are 
desirable on purely moral grounds. Beyond that, however, America]^ future depends to a large 
extent on our ability to assure an adequate supply of well-prepared professionals, people who 
can keep our corporations at the cutting edge and provide leadership in a global economy. The 
nation needs more such people, and will find them only if previously under-represented 
populations participate. 

The confluence of a compelling moral imperative with the human resource needs of the twenty- 
first century constitutes a powerful mandate to higher education. 

Institutions such as NJIT have a special role to play. We believe that this university]^ 
complementary and mutually reinforcing goals of excellence and access clearly reflect the 
responsibilities of a public institution with a public mission. 

In this area, too, the National Science Foundation is providing leadership and support. 

I would like to close with a sobering thought. It is the realization that our agenda is incomplete. 
Colleges and universities understand that they occupy a unique position in-service to the Nation. 
We think we have fulfilled this role well in the past, and we want to do so in the future. What we 
need from Washington, from our state capitals, and from our many other partners, is some 
assurance that the value of higher education will be recognized in the form of continuity in our 
sources of support. With tangible support from the National Science Foundation and others, 
higher education will continue to enrich our future and that of generations to come. 



* “Mecomtronics” is the engineering technology discipline that combines the areas of mechanical and 
electronics technology, and computer hardware and software systems linked through 
telecommunications. 
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What our nation's colleges and universities face today 

Colleges and Universities are facing a number of external pressures that create tensions among 
the competing values of affordability (cost), quality of programs, and access. These pressures 
include: 1) financial constraints brought about by the redistribution of state funding from higher 
education to other purposes such as corrections and school equity funding; 2) demands for 
increased accountability and enhanced productivity; 3) expectations that higher education will 
make student learning its central purpose and introduce values and social responsibility into the 
curriculum; and 4) concerns about the employability of new graduates. 

In response to these pressures, ten percent of this nation's colleges and universities sharpened 
their missions in the past year and 70 percent began to examine the contributions and 
productivity of their academic departments. This climate of renewed concern for responsibility 
and accountability and the growing emphasis on the importance of student learning provides an 
ideal opportunity for institutional leaders to reassert the importance of the preparation of 
teachers, for K-12 and for higher education. To emphasize the need for the introduction of 
significant reforms at both K-12 level and in higher education in SME&T for both students who 
plan to major in these fields and for students who do not. 

Undertaking radical change 

At the same time, institutional pressures affect the ability of our colleges and universities to 
undertake the major transformation of their science, mathematics, engineering and technology 
curricula, which are needed if we are to enhance the capacity of this nation in these disciplines. 
Also, to advance the ability of our citizens to make informed decisions utilizing information from 
these fields. 

Radical rethinking of academic programs entails genuine rethinking of the entire educational 
enterprise, including the design and content of the curriculum, the creation of a new institutional 
environment through the design of many aspects of campus infrastructure, a new approach to 
faculty and student roles and responsibilities, and the use of unusual and creative inter- 
institutional and interdisciplinary partnerships. Observers of academic reform have observed that 
reform this sweeping is rare. More commonly change is sporadic and occasional, progresses in 
fits and starts, and is characterized by bouts of housecleaning followed by years of inertia (after 
J.B. Lon Hefferlin, Dynamics of Academic Reform Jossey-Bass, 1969). 

What creates a supportive environment for reform? 

To succeed in such an ambitious undertaking, an institution or a cluster of institutions, must have 
adequate time and financial resources, access to knowledgeable advocates who are committed to 



transformational change, and a campus and academic environment that is receptive to outside 
influences. In our experience, institutions that are at the edge of the academic mainstream 
because of their youth or the recent emergence of their institutional type (e.g. regional colleges, 
urban universities), or because they enjoy unusual and creative leadership, are more likely to 
undertake a genuine, rather than a piecemeal change process. These kinds of institutions are not 
likely, however, to be sought out by policy-makers seeking to identify promising and productive 
models for educational reform. 

Once an institution embraces the importance of transformational change, it helps to have: 1) 
continuity of leadership; 2) a supportive governing body; 3) partners in the community who offer 
ideas and shared resources, as well as alternate learning environments; 4) outside resources from 
foundations, mission-related agencies such as NSF, and consultants who promote change through 
offering financial resources, political support, and the validation needed to affirm and support 
both the necessity and the value of change; and 5) a number of venues for discussing curricular 
reform, exchanging ideas, and participating in peer-reviewed and invitational meetings and 
workshops. 

The role of institutional leaders in supporting improvements in SME&T 
education 

Many colleges and universities, whatever their mission, have experienced “mission creep” toward 
the values and expectations of research institutions as faculty have sought to develop individual 
scholarly careers using the strategies that they learned in graduate school. To link what faculty do 
more effectively to the particular mission of the institution; academic leaders are turning to the 
redefinition of faculty roles and rewards and are focusing on the academic department as the 
primary focus of support both for individual faculty development and for the collective 
responsibilities of the faculty in organizing and offering the curriculum. During these discussions, 
there is an opportunity to introduce curricular reform as priority areas of faculty activity that will 
be supported by the institution. 

In addition, some new approaches to interdisciplinary programs have been introduced across the 
country in recent years. These efforts can provide additional opportunities for students to 
integrate what they are learning and apply what they know to community issues that require 
multi-disciplinary approaches. 

Presidents, Provosts, and Deans can encourage the trend toward a broader mission-related 
definition of faculty scholarship and faculty roles by providing incentives at the institutional level 
and the departmental level for both individual faculty excellence and for collaborative teaching 
and research that crosses departmental lines. Effective curricular reform that reflects recent 
changes in K-12 education as well as changing needs of employers who will hire our graduates 
requires close collaboration between faculty in education programs, engineering and business and 
arts and sciences as well as cooperation with local public schools and other post-secondary 
institutions. Often campus policies, campus support structures and campus rewards do not assist 
faculty who work on curricular reform or K-16 reform and who must spend significant time in 
the field or in collaborative activities with colleagues on campus in other disciplines. 

To increase the importance attached to the improvement of SME&T education and to provide a 
supportive environment for curricular reform, administrators can do a number of things: 
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1 . Utilize a clear campus mission statement as a framework for defining the goals and 
aspirations of the institution. Make clear to everyone, including trustees, faculty, 
staff and students, that constant curricular advancement is an important campus 
priority and that every graduate of the institution should be able to use scientific and 
mathematical problem-solving techniques and information competently and 
confidently. 

2. Personally acquire a thorough knowledge of educational reform efforts in public 
schools and in higher education and speak consistently and knowledgeably about the 
importance of the reform of graduate education to incorporate both the acquisition of 
research and teaching skills and a familiarity with contemporary issues in curricular 
reform, and K-16 curricular reform itself by articulating the importance of designing 
the goals and outcomes of a college education upon the foundation provided by the 
reform movement in K-12. Talk with faculty about these issues regularly. 

3. Encourage the reinterpretation of faculty roles and rewards to make them compatible 
with the demands of educational reform, teacher preparation in SME&T, 
interdisciplinary and collaborative research and teaching, and community-based 
work. 

4. With faculty guidance, create a campus infrastructure and policies that support the 
activities needed to support curricular reform on campus, to reflect changes 
occurring in the public schools as well as employer expectations, and to promote the 
exploration and the reform of graduate education in SME&T. This will require, 
introducing new assessment strategies that evaluate student learning and that 
document the outcomes of curricular reform as well as providing technical assistance 
for faculty who engage in curricular innovation at both the undergraduate and 
graduate level. 

5. Provide opportunities for faculty to discuss educational reform with their colleagues 
in workshops and campus-wide seminars. 

6. Support faculty who are interested in educational innovation and in graduate 
education by providing campus resources such as mini-grants and release time for 
such work. 

7. Participate in national discussions of faculty roles and rewards as well as K-16 and 
graduate educational reform and encourage faculty and staff to do so as well. Where 
appropriate, subsidize the cost of travel to such conferences and meeting in the same 
way that the campus encourages faculty to participate in discipline-based 
professional meetings and workshops. 

8. Be prepared to invest in educational reform and in new faculty roles and 
responsibilities, drawing resources from a restructuring of campus administrative 
operations or redistributing resources from academic programs that are no longer in 
high demand. 

9. Encourage institutional partnerships with other organizations to encourage 
innovations in education and to provide a supportive environment for faculty 
involvement in the local community. 

10. Encourage a greater local understanding of the importance of SME&T education and 
K-12 reform by participating in community efforts to improve the local schools. The 
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local Chamber of Commerce or other local business associations often sponsor such 
activities. 

11. Activities of this kind offer occasions for colleges and universities to introduce 
discussions of how high school must prepare for post-secondary education as our 
nation^; post-secondary institutions continue to improve SME&T education. While 
there has been a lot of talk about the need for a high skills workforce, many 
employers still want only reliability, basic skills, and good attitudes towards 
customers and fellow workers, and are not yet introducing the elements of a “high 
performance” environment into their business practices. As a result, universities and 
colleges must work simultaneously to promote higher standards of performance for 
their students and for the organizations that will employ their graduates. 

Graduate education has to change, too 

There is a growing demand for universities to become concerned with the issues of society in the 
hopes that our involvement will help to clarify the competing values that are at stake, frame clear 
and critical questions, and build a wider repertoire of responses that will rebuild the workings of 
civic life in this country and the core of democracy itself. If colleges and universities become 
properly engaged with our communities, we can become the source of social capital for a new 
era. A critical component of this capacity-building must be provided by SME&T education. We 
must prepare the next generation of college and university faculty to offer the kind of 
undergraduate education that our students really need. 

We must take a long hard look at how we prepare graduate students now. What are we really 
doing in our graduate curriculum and in our research programs? In higher education today, are 
we really building social capital, which sociologist Robert Putnam describes as “features of 
social organization such as networks, norms, and social trust that facilitate coordination and 
cooperation for mutual benefit,” and are we preparing people who can create and work within 
such networks? Are we preparing a generation of faculty who can design a curriculum that can 
accomplish these goals and, themselves, model for their students a more interactive and 
collaborative form of learning and discovery? Will our graduate education put teaching and 
research on an equal footing by introducing values, skills, and professional goals that encourage a 
balanced career? 

The process, rooted in the 19th century, that has led to greater and greater differentiation of 
academic life into definable disciplines, each with its own world view and culture and objects of 
discourse, has drawn our process of socialization of new scholars into the academy further and 
further away from the influence of the questions and concerns of the citizens who support us. 

Do we really know whom we are preparing in our masters and doctoral programs and how they 
will use their education? What principles should we adopt to guide the design of our graduate 
studies as we think about what responsibilities our graduates will undertake after they complete 
their formal education? 

One problem we have in higher education is that we are trapped in our own, still successful, 
model of graduate education. We are proud of saying that graduate education in this country is 
the envy of the world. We still continue to attract talented students from around the world to 
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study in our nation's universities. Our model of a research-based doctorate has served as SLWorld 
model for preparing scientists and engineers as well as scholars for other fields. 

So, why should we question a clearly successful enterprise? The problem is that this model works 
effectively for a smaller and smaller percentage of the students who enter doctoral study and then 
take positions at our nation's research universities. The others, who will find employment 
elsewhere, are less well prepared. 

According to a recent study completed by the National Academy of Sciences Committee on 
Science, Engineering, and Public Policy, we are producing students who are prepared for 
traditional research roles while employers are calling for doctoral graduates who have expertise 
in more than one discipline, who can collaborate across fields and in various settings, who can 
adapt quickly to changing conditions and learn in new fields and who work well with other 
people. Furthermore, we are preparing our graduates to join us in the academy, while more and 
more of them will find employment elsewhere in business and in government. 

How can we promote more versatility? Faculty today needs both disciplinary strength and the 
ability to interpret and apply disciplinary perspectives in collaborative settings. The faculty we 
are hiring now and will hire in the future will need to be able to work effectively together to 
create opportunities for meaningful involvement of students, community members, and local 
practitioners in SME&T education. They will require: a) communication skills including the 
ability to listen well; b) collaboration skills which include the building of mutual trust and 
respect, ability to problem-sol ve in complex groups with different experiences, goals, and 
definitions of success; c) time management skills - the need to spend time creating a common set 
of goals, a common vocabulary, shared definitions of success with partners from other 
organizations; and d) team-building skills - the ability to work with many different kinds of 
people with different expertise and motivations. 

If we really need faculty with these skills, we will need to recognize these competencies and 
achievements as significant factors for promotion and tenure and during the distribution of 
discretionary salary increases and other faculty rewards. 

Genuine teamwork and partnership are difficult modes for faculty to adopt who have only 
operated within disciplinary-based frameworks, where in most cases, the questions, the 
assumptions and the methods of inquiry are agreed upon and understood by everyone involved. 
Partnerships require time, trust and patience, and a different repertoire of skills, skills that can be 
incorporated into our graduate and professional programs. 

Few institutions are actively addressing graduate education as yet, but the time is rapidly 
approaching when we must do so. InCampus Trends 1995,^ Elaine El-Khawas reviews the 
results of a survey sent to an array of 506 colleges and universities. Of our peers, only 10 percent 
report extensive change going on at the graduate level, 70 percent report some, and an alarming 
21 percent report no activity at all. If we approach this new challenge in a way similar to our 
commitment to active/service learning for undergraduates, we will again find ourselves in the 
forefront of a concern that many people are talking about, acknowledge must be addressed, but 
are reluctant to approach. 
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There is no doubt in my mind that we must reshape graduate education in SME&T, both at the 
Masters and at the Doctoral level. In preparation for this, we must take time to retrace the same 
steps that the faculties who are redesigning our undergraduate curriculum are taking. We must 
ask: Who are our students? What are they experiencing and why do so many students fail to 
achieve their educational objectives or take so long to do so? What do our students plan to do 
with their education? What is happening to the marketplace for people with an advanced 
education? 

Let us bring this challenge close to home. With respect to our own colleges and universities, what 
attributes and skills will we seek as we hire a new generation of faculty? Are our doctoral 
programs likely to produce the kinds of versatile faculty we would want on our own campus? 
Will our new faculty be prepared to undertake the collective responsibilities that are required to 
deliver a curriculum of the kind we have recently introduced? One that requires teamwork and 
cross-disciplinary perspectives? Will they know how to conduct effective community-based 
research with partners from other programs, institutions, and community organizations? 

Might we define a kind of "general education" for graduate students, similar to the goals we have 
for our undergraduate students - a set of goals or principles that will guide us to design 
opportunities for our graduate students to develop advanced problem-solving skills, 
communication skills, collaborative skills, an appreciation for diverse viewpoints, an ability to 
continue to learn, and an ethical and socially responsible basis for their research and practice? 

Can we design a different form of professional development for teaching and research assistants 
that provides mentoring and school and business and industry based experiences? 

What can NSF do to reinforce and support the changes that will be necessary to create a genuine 
K-16 SME&T reform movement and to assist institutions that wish to redesign the study of 
SME&T at the college levels for both majors and non-majors? 

1. Provide individual investigator awards for research on the-impact and sustainability 
of instructional innovation. We need research on fundamental questions concerning 
teaching, learning and assessment in undergraduate SME&T education. 

2. Provide support for summer workshops that bring students, parents, community 
participants, and faculty and public school teachers together to work on community 
problems and to engage in curricular reform. Provide summer stipends for the 
faculty who design and participate in these summer programs. Faculty who do 
research during the summer can often obtain two full months’ pay to support their 
time spent doing research. Faculty who engages in curricular innovation or in 
summer workshops and K-16 initiatives do not have access to such funds. This 
sends a signal that basic research is valued more than K-16 initiatives or curricular 
innovation. In addition, although it is understandable that NSF would want to 
stretch its resources as far as possible, these programs are often under-funded and 
the financial condition of most of our colleges and universities precludes any 
significant local supplements to the project budget. 

3. Make provision in undergraduate research awards for introducing new faculty into 
the process and for supporting faculty teams. The current funding levels for REU 
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grants do not allow for variations in the faculty configuration or encourage the 
mentoring of graduate students or new faculty by more experienced faculty. 

4. Provide opportunities for faculty who are engaged in curricular reform to present 
their work and to publish their findings in invitational and peer-reviewed publications 
and conference proceedings. 

5. Take a leadership role through both advocacy and financial sponsorship in 
persuading more professional societies and professional journals to provide exposure 
for exemplary work in undergraduate and graduate curricular reform. 

6. Recognize that curricular advancement is an on-going process and requires sustained 
faculty support. While workshops and conferences can stimulate an interest in 
reform and promote the exchange of ideas, continuing assistance will be necessary 
for faculty who plan to apply the ideas generated in these workshops and summer 
projects to their on-going courses and curricula. This support can be provided in the 
form of release time, graduate assistants, and periodic gatherings to review and 
interpret the results of work to date. It is becoming increasingly difficult for 
universities to offer this support. Most NSF-sponsored projects can only launch a 
change process. In the normal 2-3 year time span of a grant, work can barely get 
underway. Requirements to demonstrate actual changes in student achievement in 
such short time frames can actually interfere with the change process by forcing the 
participants to focus on very short-term goals. It is better to evaluate very concrete 
outcomes such as the development of new curricular materials and courses, effective 
involvement of faculty in the exploration of new techniques in teaching and learning, 
and the like. If possible, projects should be funded for 3-5 years to provide the 
sustained support needed to move from design to introduction of a new curriculum to 
accurate and effective assessment of the impact of the new approaches on student 
learning, competence, and confidence. In addition, the current grant process often 
results in a succession of faculty being involved, when in some cases, it may be 
important to keep at least a core of participating faculty together for a longer period 
of time, introducing new participants according to the nature and development of the 
project. 

7. Graduate programs must require participation in work on curricular reform as well 
as offer significant teaching opportunities. NSF fellowships and training programs 
can promote this by emphasizing the importance of teaching, curricular reform, and 
interdisciplinary work. Annual and end-of-grant reports should include a request for 
information about the nature and impact of activities of this kind conducted under the 
sponsorship of the grants. 

8. We must find ways for all undergraduates, both majors and non-majors, to have an 
opportunity to do ‘Veal” research, and to do so throughout the undergraduate 
experience, not just in a limited number of distribution courses that satisfy a science 
or math requirement. At Portland State University, we involve undergraduates who 
enroll in our Science and the Liberal Arts curriculum in active research projects over 
the full four years of their undergraduate curriculum because of our belief that the 
habits, values, and ethics of the SME&T disciplines must be practiced and learned 
over a long period of time. This is true for both non-majors as well as majors. 
SME&T taught in conventional ways using standard textbook and laboratory 
exercises is about as interesting as reading an instruction manual. Furthermore, this 
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approach addresses only one type of learning style and disadvantages students who 
learn best in other ways. Taught as a liberal art, however, SME&T courses for both 
majors and non-majors call human curiosity to attention and make such inquiry and 
learning a deeply satisfying and imagination-expanding experience. The liberal art of 
mathematical, scientific, and technical inquiry allows our faculty and students to try 
out - to test - their imaginations for accuracy, precision, credibility and acceptance 
by a community of knowledgeable peers. NSF can offer sponsorship for such 
experiments at any institution willing to undertake the significant and radical reform 
necessary to introduce this kind of curriculum. 

9. After years of under-funding, our nation's instructional facilities and equipment are 
badly out of date and there is a enormous need simply to provide better laboratory 
and classroom environments. We must upgrade our equipment remodel our 
classroom and laboratory spaces to accommodate new approaches to learning and we 
must make significant investments in technology such as computers and 
telecommunications. The accumulated need for retrofitting and new equipment would 
vastly exceed the ability of any Federal source to support, but NSF could develop 
ways to encourage additional support for these needs by its use of equipment funds. 
The emphasis recently has been on the need for curricular reform. This is fhistrating 
to many faculty, including many at Portland State University, who have already 
made radical changes in the curriculum, introduced new pedagogical approaches, 
established new areas of emphasis-including the use of interdisciplinary and cross- 
disciplinary options to tailor the educational experience of individual students to 
reflect their educational goals more directly, and used community interactions and 
partnerships to create richer learning environments for our students. What these 
faculty need now is the equipment to support the curriculum, the encouragement to 
solidify the reforms that the have already begun, and the resources to assess the 
results of what they have done. 

10. It is unclear whether the goal of the investments made by NSF in undergraduate 
education are designed to identify and support innovative work or to promote an 
overall systemic improvement in the level and impact of SME&T education and 
research capacity in this country. Often the process of preparing a proposal and 
doing the necessary work to show the feasibility of a project are extremely 
worthwhile for an institution undertaking significant reform for the first time. But if 
the ideas are not new to the community-at-large, even though they are innovative at 
the applicant institution, will NSF decide to fund the project? This poses a significant 
policy question for NSF. Is it better to generate and facilitate the distribution of new 
ideas and positive results or is it better to build the nation's core capacity to provide 
effective SME&T undergraduate education by providing incentives to encourage 
institutions willing to undertake major curricular reform. This key policy question 
deserves serious attention. 

11. NSF support programs for new faculty should include attention to teaching, general 
education, and the reform of SME&T curricula. In general, so should regular 
research grants. Whenever possible, a research program can effectively include 
undergraduates, and, in some cases, serious high school students. This should be 
encouraged where feasible and the grant review process should include a 
knowledgeable review of the potential benefits for undergraduate education and K-16 
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articulation. NSF can powerfully shape the focus and emphases of grants for 
research and education in science and engineering by calling for a thorough 
discussion of the human resource implications of the work to be done and requiring a 
thoughtful analysis of the outcomes. The Application Guide published in October 
1992 (NSF 92-49) had an extensive section on this (p.4), which appears to have been 
omitted from later application guides. 

12. Wherever possible, projects should be funded that connect reforms in SME&T 
undergraduate education to the rest of the liberal arts. Reform undertaken in 
conversation and in collaboration with faculty in the humanities, social sciences and 
fine arts can stimulate fresh thinking throughout the university and reinforce the 
efforts being made by SME&T faculty. This practice can direct more faculty 
attention to undergraduate education and advising, the dissemination of improved 
practice, and the effective integration of reform efforts across the curriculum. NSF 
can play a truly catalytic role in promoting changes in the entire undergraduate 
experience through encouraging effective linkages of SME&T reform with both the 
rest of the liberal arts curriculum and to professional education in engineering and 
technology. 



Judith Ramaley is President and Professor of Biology at Portland State University. Portland State 
University has received national recognition for its innovative curriculum, campus management, 
leadership in interpreting service learning, and commitment to an urban mission. Dr. Rarnaley received 
her undergraduate education at Swarthmore College and Ph.D. at UCLA. She is Chair, Commission on 
the Urban Agenda ofNASULGC; member, Kellogg Commission on the Future of State and Land-Grant 
Universities; members Board of Directors of AACU; past Chair, Biological Sciences Advisory 
Committee of NSF; and member of many local civic organizations in the Portland metropolitan area. 



Elaine El-Khawas. Campus Trends 1995. New Directions for Academic Programs. Higher Education 
Panel Report, Number 85. American Council on Education, July 1995. 
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Institutional Perspectives of College and University Leaders 



David Ward 

Chancellor, University of Wisconsin - Madison 
Madison, Wisconsin 



Introduction - University of Wisconsin-Madison Programs 

Thank you for the opportunity to be here today. The issue of science and math competency at the 
undergraduate level is one of obvious importance to us and to society. As an institution of higher 
learning, the University of Wisconsin-Madison has labored much in recent years to come to grips 
with a problem that threatens our quality of life and our ability as a nation to compete in the 
world market. The absence of broad science literacy poses significant dilemmas for society and 
for higher education itself 

Over the past 10 years, the community of scholars at Wisconsin and elsewhere has pursued broad 
and far-reaching initiatives to attack the problem of science competency. To its credit, the 
National Science Foundation has also strongly encouraged change at research universities 
through its own programmatic initiatives. These joint efforts are laudable and they merit 
continued support and experimentation. The research university must play a critical role in the 
improvement of science education. That role must include new and stronger relationships among 
different kinds of educational institutions, and better connections between our primary and 
secondary schools and higher education. 

At Wisconsin alone, there are many examples of programs that seek to alter, reform or redirect 
the way science, math, and engineering are taught. The teaching and learning infrastructure is 
being rebuilt, and it is being connected in new ways with schools, students, teachers and the other 
critical components o£ the educational system. 

Through entities such as the Institute for Chemical Education and the Center for Biology 
Education, universities like Wisconsin are creating new tools for learning. Thousands of students 
across the country and at all educational levels now have the opportunity to track genetic change 
through generations of plants in a single semester, thanks to the Wisconsin Fast Plants Program. 
Memory metal and other materials science innovations are becoming integrated into freshmen 
chemistry courses around the country, refreshing a dated curriculum. These are two examples 
from Wisconsin of research university-based innovations that are having broad impact. 

This year at Wisconsin, with the support of NSF, faculty is embarking on an ambitious program 
to revamp the way chemistry is taught nationally at the college level. Employing the latest 
instructional technology, offering new contexts for learning and incorporating the most effective 
cooperative learning techniques, these researchers will attempt to make the first sweeping 
instructional changes in decades. 

Wisconsin has established a teaching academy for faculty as a mechanism through which to 
identify, through evaluation, exemplary teaching practices, and to support widespread application 
of the best techniques across disciplines and curricula. Superimposed on these and other 
activities is a state-of-the-art means of evaluation through our LEAD Center. It is crucial to 
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acknowledge the need to measure steps taken and to hold claims to improvement to a critical 
standard. 

Thanks in large measure to the track record of educational innovation of some of Wisconsin's 
most distinguished researchers, the university has now been given the opportunity to enter into an 
interdisciplinary partnership with NSF known as \h^ National Institute for Science Education. 
This unique partnership is expected to yield new strategic and tactical means of building the 
nation's science and math education infrastructure. 

There seems to be no shortage of creativity among the faculties of research universities. 
However, tradition-laden institutions like universities must find more effective ways to sustain 
innovation. 

Issues 

Science for All There is a critical need now for colleges and universities to more broadly and 
effectively integrate science, math and technology into the general education curriculum. Science 
is a significant and pervasive influence in the lives of all Americans, and universities need to do a 
much better job of preparing all of our students “ not just science and engineering majors, to 
think more analytically and to live in a world increasingly shaped by the forces of science and 
technology. The earlier we can do that in the course of a student^ education the better. Of 
critical importance is providing a seamless but flexible connection between high school science 
and the very first science experiences of higher education. 

Changes in Higher Education. We need to envision the classroom of the future and not simply 
improve the traditional classroom approach to learning. Faculty who invest time, energy and 
creative power to enhance the learning environment or develop new learning tools should be 
encouraged to apply for educational grants with the same conviction brought to bear in the quest 
for research grants. In addition the reward system for faculty must evolve to recognize the 
importance of work by those who break new instructional ground. 

Empowering Teachers and Future Teachers. Moreover, we need to do much more to develop 
our faculty and future faculty, to empower them to be effective innovators in science education. 
The academy needs to look beyond its own borders, expanding the involvement of staff and 
teaching assistants in the development and application of innovative teaching techniques and 
styles. The research university can play an important role by providing our graduate students 
with more exposure to innovation in the learning process and especially to cross-fertilize the 
research interest with the general dialogues about science. 

Evaluation. It is also very important that universities begin to evaluate seriously novel learning 
approaches. Critical evaluation and assessment must be integrated into a system through which 
we can identify, develop and disseminate the most effective approaches to learning. Given all the 
resources that have been provided for education reform over the last decade, there are relatively 
few devoted to measurement of success or failure. It is essential that we incorporate some kind of 
outcome assessment into our education reform efforts. In addition, we must strive to 
communicate these results, make them accessible, and then act on them. This is a daunting task. 
At many of our institutions, obtaining the quantitative data - grades, retention rates. 
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demographics - requires effort on the part of the investigator. The data are simply not available 
in most places. Rigorous qualitative analysis is even rarer. 

Fortunately, instructional technology is providing us with a wealth of new feedback 
opportunities, such as electronic mail. At research universities electronic mail is greatly 
enhancing access to faculty and staff and is providing timely information on the successful 
comprehension of course material. A spate of questions on a particular lecture topic - delivered 
by electronic mail - provides a compelling signal to the lecturer that he or she missed the mark. 
A student too shy to sign up for a face-to-face appointment may find the courage to send an e- 
mail with a pressing question. Faculty and staff ought to be strongly encouraged to make greater 
use of these now almost-commonplace technologies. 

A Changing Infrastructure. Another set of related and pervasive issues lie in our infrastructure 
and the evolution of new technologies and instructional materials. Will the formal classroom 
exist a decade from now? This is an area of rapid development that outstrips the ability of any 
single institution to manage and guide it. Who will take leadership in identifying effective 
approaches? Will the academy recognize and reward contributions by faculty members in this 
arena? If not, how will we move forward? 

We also must recognize that technology costs money. Who will pay? While the information 
superhighway is changing the way many of us function, we must be aware that very large 
numbers of students - from kindergarten to college - do not have access to this technology. To 
help remedy these inequities, we must begin to explore new partnerships with the private sector 
and others that have a stake in a technologically literate workforce. 

Equity and Diversity. Equity and diversity within our institutions are critical and related issues 
as well. The demographics of the twenty-first century demand that we renew our commitments to 
access and opportunity for all. Human resources are our greatest asset and the needs of the 
twenty-first century will require the inclusion of the full diversity of our population in order to 
avoid squandering valuable intellectual resources. 

Making Better Connections. Universities must also become catalysts for the development of new 
networks between different types of institutions. Research universities do not exist in an 
institutional vacuum, nor do they have a monopoly on education. We must use existing programs 
such as our summer programs, integrated general education for non-scientists, and distance 
learning to help us weave a web of learning between different educational systems. 

The Value of Existing NSF and Other Programs 

Clearly, research universities can change creatively in partnership with NSF and other funders. 
NSF and other federal and private granting organizations have already made serious investments 
in innovative and effective improvements in science education. These investments now need to be 
better connected to a rapidly changing learning environment and the possibilities of a new 
networked educational system. Continued and expanded support of these developments is needed 
to drive change. 
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NSF and other granting entities can begin to require some kind of relationship between research 
proposals and their broad impact on science education. This strategy has been discussed at a 
number of national meetings on science, math and engineering education, and is likely to provide 
the kind of motivation needed to encourage pilots and experiments. 

In closing, I would like to thank you again for the opportunity to express some views and ideas of 
how research universities can and should change to foster change in the science education 
landscape. We are committed to addressing this problem and we look forward to continuing our 
partnerships with NSF to attain a common goal. 



David Ward was named chancellor of the University of Wisconsin-Madison in June 1993, becoming the 
25th individual to serve as the university^ chief executive. Ward had served as interim chancellor 
since January 1993. Ward became vice chancellor for academic affairs at UW-Madison in 1989, and in 
1991, he was also named provost, chief deputy to the chancellor. His UW-Madison faculty career spans 
30 years, and he holds the Andrew Hill Clark Professorship of Geography. For the past eight years. 
Ward has provided strong leadership for efforts to improve the quality of undergraduate education. 
The next step, says Ward, is to redefine undergraduate education, not simply through improvements of 
existing programs and processes, but by developing new ways for learning to occur on college 
campuses. To that end, he recently published a comprehensive strategic planning document, outlining 
priorities for the next decade as the university attempts to balance its teaching, research and outreach 
missions. Ward has given new expression to The Wisconsin Idea, the venerable philosophical 
framework for the university^ public service role. The Wisconsin Idea is embodied by a vast array of 
partnerships between the university and both the public and private sectors, says Ward, from economic 
development activity and sharing of faculty expertise to educational collaborations with K-12 schools. 
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Presentation Before the National Science 
Foundation Undergraduate Review Subcommittee 

Homer A. Neal 

Vice President for Research, University of Michigan, Ann Arbor 
Ann Arbor, Michigan 

Thank you, Mr. Chairman, for inviting me to participate in today's hearings on undergraduate 
education in engineering, science and mathematics. I have chosen to depart somewhat from the 
suggested format of comments in order to provide the subcommittee with a brief overview of the 
work of the task force I chaired in 1985 which resulted in the issuance of NSB Report 100-86, 
which has served to guide NSF development in undergraduate science, engineering and 
mathematics education over the past decade. I will also share with you a current initiative in 
which I am involved, that bears on undergraduate science education at our nation's research 
universities, as well as some of my own thoughts about the important changes that we must 
consider with respect to undergraduate education in the future. 

Charge to the NSB-100 Task Committee 

At the start of the work of our committee in 1985, the charge we were given was as follows: 

... to consider the role of the National Science Foundation in 

“undergraduate science and engineering education . . .to determine what is an appropriate 
NSF role in undergraduate science and engineering education . . . and to examine what 
are possible mechanisms for carrying out that role. Should NSF move to establish 
undergraduate science, engineering and mathematics programs, apart for support for 
undergraduates provided in some research grants? Should NSF have a role in shaping 
undergraduate curricula?...” 

We set about the task of collecting data in just about every imaginable way. We reviewed 
extensive literature on the subject, consulted with higher education organizations and held several 
hearings in Washington at which faculty, university administrators, federal agency officials, and 
industrial leaders testified, in much the same way as the current hearings are planned. 

What we learned was not very reassuring. Among the key problems we uncovered were: 

• deteriorating quality of the college-level science-educational infrastructure 

• laboratory instruction that was typically, "uninspired, tedious, and dull." 

• lack of opportunity for faculty to update either their disciplinary or their pedagogical 
skills 

• outdated curricula that failed to convey the essence or excitement of contemporary 
science 

• declining student interest in careers in science, engineering, or mathematics, or in 
education in these disciplines 
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In looking back over the years since our report was completed one can sense that real progress 
has been made at NSF in undergraduate science and engineering education: 

• A new Office of Undergraduate Science, Engineering and Mathematics Education 
has been established and now administers or monitors over $100 million dollars for 
undergraduate programs. 

• A new program to provide research experiences for undergraduates has been 
established, the REU program. Indeed, Director Bloch initiated the REU program 
while our committee was still in the midst of its hearings, being immediately 
convinced that this was an activity much needed and very much in keeping with the 
mission of NSF. 

• A new program for undergraduate faculty enhancement has been established. 

• A new curriculum development program has been established. 

• A special undergraduate curriculum development program in calculus has been 
developed and, from all indications, the results are very positive. 

• A new instrumentation and laboratory improvement program has been developed. 

There can be no doubt that NSF has taken the recommendations of our committee very seriously, 
and that the leadership actions of NSF have had an impact on other agencies and foundations. 
For example, the Howard Hughes Foundation initiated its own program for support of 
undergraduate education shortly after our report was completed and has already committed many 
millions of dollars in this area. Leadership was, and still is, an extremely important element of 
NSF actions. 

Changes Over the Decade 

Indeed, the leadership that NSF shows in the years ahead will be critical. Since the issuance of 
NSB Report 100-86, there have been an enormous number of developments that will potentially 
influence the nation’s commitment to undergraduate science education and which must certainly 
be taken into account as plans are made for advancing undergraduate education. As unlikely as it 
may have seemed in 1986, we have seen the end of the Cold War. This single event raised the 
hope that, by unleashing resources that might be more productively directed toward the overall 
improvement of life for our citizens, education needs could be more adequately addressed. But it 
also raised the question as to what extent a large technically educated workforce would be 
needed, given the apparent diminished national security requirements. Coincident with the change 
in the balance of world power has been the realization that the U.S. federal budget deficit must be 
reduced and that federal outlay will be made with a heightened degree of scrutiny. Though many 
voices caution against neglecting investments with long term benefits, there will be an increased 
tendency to focus federal and state resources on major issues of immediate urgency - a recipe 
that often neglects the needs of higher education. 

There are further developments that serve to shape the environment within which policies and 
practices in undergraduate science and engineering education must exist. As a result of a few 
highly publicized incidents in recent years, there has been some erosion in the public's confidence 
in its higher education system. Compounding the effects of these events are the ever-present 
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debates about indirect costs, high tuition, and stories of the difficulty some students claim in 
gaining access to faculty, who are characterized as only being interested in their research. 

While we note the growth in the total number of baccalaureate degrees over the past decade - 
rising by almost 20 percent - it is also of interest to note that the number of degrees in the natural 
sciences and engineering has fallen by almost 20 percent. We note that undergraduate 
enrollments in laboratory courses continue to fall. Furthermore, though there has been significant 
growth in NSF budget for education and human resource activities, we note that most of this 
growth has been primarily in the K-12 programs. 

These are issues that it will be critical for NSF to address in the years ahead, as we try to craft 
undergraduate education in science, engineering, and mathematics for a rapidly changing world. I 
also believe that, while NSF has a key leadership role to play, it is also incumbent upon 
universities themselves to think more creatively than ever in trying to deal Wvihthese same issues. 

In Search of a New Compact 

Over the past year, several research vice presidents at Midwestern universities have been engaged 
in a cooperative effort to construct what might be the principles that would guide the partnership 
between research universities and the federal government in the decades ahead. I might note that, 
given the end of the Cold War, many of the original guideposts in the Vanovar Bush era are no 
longer viewed as being sufficient to fully determine what the relationship should be between 
universities and the federal government. 

In the quest for developing these principles, we have had numerous discussions with officials in 
the Executive Branch, with several leaders in Congress, and with industrial leaders. It is our hope 
and expectation that these consultations will continue in the months ahead and will culminate in 
one or more symposia where these items will be discussed in more detail. 

What I can report to you today, however, is strong support for universities participating with the 
government to ensure a strong program of research and education in the sciences, engineering and 
mathematics. 

In the set of draft principles we have developed to date is the following reference in the section on 
education for the next century: 

• Education for productive life in an age that is information intensive, technologically 
demanding, culturally complex, and globally competitive. 

• Education that will continue to assist our citizens in adjusting to the rapid changes in 
the modem world. 

• Public understanding of the key technological, economic, cultural and social issues 
that we face." 

Our draft report continues: 

"... education of the nation's citizens for productive life and work is one of the primary 
function of the research universities, and a function to which they can bring unique 
assets. One of the greatest strengths of the research university has traditionally been 



graduate education - the training of new generations of scientists and scholars. The same 
assets of the university that have made our doctoral programs the envy of the world can 
be turned, and are being turned, to improvements in other areas of education as well. 
Universities, in addition to training the next generation of researchers, seek to instill in 
their undergraduate students the culture of rational inquiry, and the skills to be effective 
workers and knowledgeable citizens. In our rapidly developing world, education is more 
than ever a life-long process; this implies that one of the most important outcomes of 
undergraduate education is the ability to think clearly and to learn effectively. It also 
implies that universities have a larger role to play in ongoing education and in serving as 
a resource that the broader public can draw upon in trying to understand new issues and 
problems that arise." 

Our report also notes that, 

"universities should seek, review, and implement ways to further utilize their research 
competency to enhance undergraduate education, by expanding opportunities for 
undergraduates to participate directly in research and scholarship; and by endeavoring 
that all students who graduate have attained the necessary levels of scientific and cultural 
literacy . . . universities should explore creative ways to make their resources for 
knowledge and understanding available and accessible to the public; they should explore 
and implement ways to facilitate timely public understanding of important scientific and 
technological issues; they should be increasingly receptive and responsive to public 
interests and concerns and should seek to facilitate meaningful dialogue between the 
public and academic communities." 

I must note again that these statements are taken from a document that is still in draft form - and 
that not even all of those vice presidents who have been involved in their development are 
necessarily in complete agreement with every phrase as it currently stands. Nonetheless, I also 
note that this document has gone through a number of iterations and extensive discussion. I 
believe that, in its current form, it already represents a well-founded distillation of considered 
thinking about the issues, from a number of sources. 

Two things have become abundantly clear from these discussions: since 1986, universities have 
made a great deal of progress in enhancing undergraduate science and mathematics education, 
utilizing the resources available from NSF that I mentioned above, as well as from other sources, 
including internal sources. At my own university, for example, direct participation by first- and 
second-year undergraduate students in research projects has been growing at a substantial rate 
for the past several years. The Chemistry, Mathematics, Geology, and Physics departments have 
all undertaken major successful reform of their introductory science curricula. Such experiences 
are, I am sure, increasingly widespread among institutions of higher education. 

It has become clear that universities must think even more broadly comprehensively, and 
creatively about undergraduate education. The pace of change in the world that our 
undergraduates enter upon graduation appears to be accelerating. In addition, with enhanced 
technology, the typical means and methods of education have the potential to change 
dramatically. These changes place the traditional obligation of undergraduate education - to 
provide a well-rounded education - in a new light. It will be incumbent upon us to employ the 
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new technologies wisely and to be innovative in our mapping of a liberal education onto the 
demands of the current world. In this regard, the recently announced NSF program on 
Comprehensive Undergraduate Science Education Reform is a welcome addition to NSF 
portfolio. 

I would like to set forth just two ideas, by way of example, of the kinds of discussion in which I 
would like to see major research universities engage internally, as we confront the need to 
enhance undergraduate education. 

First is an idea that I have proposed for discussion at my own institution: namely, that the 
university consider requiring that all undergraduate students at some point in their undergraduate 
career have some direct participation in research. Whether such a xmiversity-wide requirement is 
feasible for the University of Michigan; whether one should focus instead on providing 
opportunities for all students to engage in research; or whether, indeed, one should focus on 
building research experiences more directly into courses. These are all issues that have been 
discussed as alternatives to the original proposal. The underlying point of them all, however, is 
the one that I think universities must take very seriously; with all of the research taking place at a 
major university. There must be some way to harness it, to utilize it in inculcating in students the 
sort of appreciation and understanding for science and rational inquiry that comes best as a result 
of relatively direct experience. 

The second idea has to do with the rapid changes in information technology, and the impact that 
these changes will have upon undergraduate education. What should we think, for instance, about 
the importance of the classroom and the laboratory to science education, when technology will 
soon make possible more dispersed, distributed, and virtual means for learning the basic facts? 
How do we ensure that new educational technologies do not simply contribute to an information 
glut but instead are used to help our students genuinely learn how to use information effectively, 
i.e., how to get it, evaluate it, and convert it into knowledge? One can imagine education 
proceeding without any classrooms as we understand them today, but it is hard to imagine 
education proceeding without some direct guidance from those who are truly skilled in the 
development and use of knowledge. Can we imagine, then, a university without classrooms, 
where "courses" are available electronically, and every undergraduate student is engaged in a 
research team? 

In the above comments I have focused on the role of research universities, because that is the 
setting for the current initiative in which I am involved. But, as in our findings in 1986, I must 
note the seamless link of the contributions to undergraduate science education issues by the entire 
spectrum of institutions, including community colleges, four-year colleges, research universities, 
and museums. 

Concluding Remarks 

I would like to take this opportunity to congratulate the National Science Foundation and the 
National Science Board for convening this current set of hearings. Clearly, there have been 
sufficient changes in our world to fiilly justify taking a fresh look at where we now stand in 
undergraduate science and engineering education, and to chart a course that will guide us through 
the next decade, which will be one far from what any of us could have envisioned in 1986. 
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Undergraduate science and engineering education, and the partnership required between 
universities and the federal government to ensure that the highest quality experiences are provided 
to our students, is as important now as ever. The work done by the Board and Foundation over 
the past decade has clearly laid the groundwork for increasing the appreciation of the importance 
of undergraduate science and engineering education to our nation. Now what is needed is a 
refinement in the strategies and goals to make sure that progress continues. 
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Employers' Views on Desired Capabilities 
of Undergraduate Students Entering the Workforce 



Walter G. Amprey 

Superintendent of Public Instruction, Baltimore City Public Schools 
Baltimore, Maryland 

I thank the National Science Foundation for this opportunity to testify on behalf of public 
education concerning the undergraduate preparation of students entering the workforce. Our 
"industry,” public education, develops a "product" that ultimately must support a regional and 
national economy and must be the source of problem-solving ingenuity and innovation to meet the 
challenges of change. The university undergraduate product we depend upon to mold this "product" 
is the new teacher: either a science, mathematics, engineering, or technology (SME&T) major who 
often enters secondary education or a non-SME&T major. Even though these teachers receive 
formal instruction in content and methodology, they are not fully prepared to teach effectively as 
soon as they graduate. 

Many new teachers arrive at their first assignments lacking sophisticated skills in writing, 
speaking, and computing. These are essential skills for success in any workplace. In addition to 
these "basic" skills, all graduates should be able to think logically and be able to show their 
students how to use higher level thinking skills. 

Technological literacy is another basic requirement for successful citizens of the Information Age. 
All new teachers should be able to use technology and adapt to its roles and applications. They also 
should be able to appreciate the power of science, mathematics, engineering, and technology in 
everyday living and should understand how mathematics and science support, undergraduate, or 
clarify concepts in other disciplines such as art, music, and social studies and in diverse career 
fields. 

Along with these "basic" skills, new teachers should understand organizational "culture" and the 
need for continuous improvement. When entering the workforce, all new teachers should be able to 
contribute to team efforts that focus on an organization's goals and respect their co-workers' 
abilities. New teachers should also enter the workforce seeking more education. They must 
understand that continuous study and research, both formal and informal, are essential, and that 
preparation for teaching does not end at college graduation or with a master's degree. 

SME&T content are also essential for all new teachers. Non-SME&T majors, especially those, 
who will become elementary teachers, need broad-based knowledge of SME&T content, so they 
can integrate material into any subject area. They also need to be aware of career opportunities for 
their students and be able to direct students to appropriate course work for their career goals. 

While all teachers should be technologically literate, those who become SME&T teachers should 
be able to use technology as a pedagogical tool in their classrooms on a regular basis. SME&T 
teachers also should be well grounded in modem pedagogy and be able to apply modem 
pedagogical techniques to their content areas. 

In their content areas, SME&T teachers should know more about the subject materials than they 
are required to teach. For example, a pre-college mathematics teacher for senior high school should 
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be able to teach freshman and sophomore courses at the college level. Similarly, a chemistry 
teacher should be able to handle undergraduate skills and concepts in addition to knowing the state- 
of-the-art equipment. 

New SME&T teachers should have the benefit of sufficient practicum/intemship experience before 
they graduate. After they graduate, these new teachers should have mentors who are experienced 
teachers as well as mentors who are based in business and industry. SME&T teachers cannot lose 
focus on the world of SME&T beyond the classroom. 

In general, all SME&T majors must be able to adjust to the changing demands of the workplace 
and use the higher level skills of thinking in mathematics and science to be productive workers. As 
requirements of business and industry change and as corporate downsizing becomes a reality, 
graduates must have the transferable skills and flexibility that will provide them with successful 
livelihoods. 

Undergraduate SME&T education for majors and non-majors is influenced by several trends. First, 
the increased requirements in mathematics and science in precollege education will require colleges 
to introduce more rigors in college-level courses. Second, the increased number of students in the 
pipeline for SME&T at the precollege level will increase the number SME&T majors at the college 
level. This will require more college SME&T faculty. Finally, the increased number of SME&T- 
literate precollege students will increase the number of majors in college and technical schools who 
will request training in SME&T-related fields. 

Ideally, undergraduate SME&T education for potential teachers should be developed through 
collaborations of local school districts and universities. For example, the National Science 
Foundation funds the Maryland Collaborative for Teacher Preparation, an alliance of the 
University of Maryland system, Morgan State University, Baltimore City Community College, and 
three Maryland public school systems. This project focuses on elementary and middle school 
science and mathematics instruction and supports joint efforts to meet the needs of teachers new to 
the profession. Many informal collaborations coexist with such formal arrangements. Thus, 
individual public school staff members interact frequently with their colleagues on college faculties 
because of numerous projects that tie them together. In addition, a number of institutions of higher 
learning assist local districts in meeting their identified needs. 

The standard school district/University interface, however, is the student teaching program, where 
young people preparing to be teachers work in classrooms under the joint guidance of a classroom 
teacher and a college professor. Because individual school systems are institutionally separate from 
the teacher training institution, school district needs are not always met as quickly or directly as 
possible since universities must meet their own goals and objectives. This "extended reaction time" 
sometimes keeps the teacher training institutions one step behind the needs of the school district. 
What is needed is a process for more rapid and direct implementation of system needs into college 
programs. 

Improved articulation between school districts and teacher training programs also would reduce the 
need for "remedial" teacher training. Because so many new graduates need in-service training to 
perform satisfactorily, it appears that the training programs at the college level lack content and 
pedagogy or lack understanding of the needs of the school district. New teachers must be able to 
apply educational theory in their daily teaching practices. Too often, the practices demonstrated by 
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professors in teacher preparation courses are not the state-of-the-art pedagogical methods that are 
needed for instruction in precollege classes. 

SME&T curriculum for both majors and non-majors must be broadened and deepened if we are to 
improve elementary and secondary instruction. Preparation of secondary teachers, for example, 
usually includes almost as many courses as a SME&T major; however, new teachers should be up 
to the standard of all other graduating SME&T majors. Elementary teachers enter the workforce 
with very little content background in science and mathematics. Further, they are not challenged to 
become more prepared because “seasoned” administrators whose backgrounds may be lacking in 
science and mathematics content supervise them. Thus, a self-perpetuating cycle of "science and 
mathematics weak" elementary curricula establishes and maintains itself 

Both pedagogy and curriculum can best be improved through the collaborations of precollege and 
undergraduate faculties. With such alliances, curricular and pedagogical innovations could better 
address the knowledge and performance bases of students — and better prepares them for jobs and 
career paths. 

Finally, as colleges and universities work with school districts to update and upgrade teacher 
preparation programs, states should re-evaluate their requrements for teacher certification. 
Currently, a limited number of SME&T courses is required, especially for elementary teachers. 
New standards should emphasize the integration of mathematics and science in other disciplines 
such as art and history where high-level skills in problem solving and decision making are required. 
States also need to increase their requirements for certification of mathematics and science teachers 
as more rigor is introduced in college and precollege courses. In general, certification requirements 
should give all potential teachers more practical and comprehensive "hands-on" experience in 
mathematics and science. 

To meet the requirements of the 21st century workplace, we must work harder to disseminate 
needed improvements in educational practice. On the national level, roundtable discussions and 
other forums involving school districts and teacher education institutions could address problems. 
Direct local interaction on a regular basis can resolve problems as they occur. Collaboratives 
already address some of those needs, but superintendents and college administrators need to 
interact more frequently. This will prevent the bureaucratic needs of either institution from 
overwhelming the common goal of providing and employing a competent SME&T workforce in 
education. 

Local districts such as the Baltimore City Public Schools look forward to continued partnership 
with the National Science Foundation, other federal agencies, and other funders. Specially funded 
programs have produced many positive outcomes. For example, more minority students enter the 
SME&T pipeline and consequently enter lucrative career paths where they have historically been 
under-represented. These programs have also provided the dollars to assist these young people as 
well as dollars to assist colleges and universities establish SME&T programs. NSF grants to 
colleges and universities have provided equipment - and resulting technological literacy — for 
students training to function successfully as scientists, engineers, or teachers. Specially funded 
projects have developed teacher-training programs, such as "STARS," featuring state-of-the-art 
hands-on/minds-on pedagogy. In the future, we hope organizations such as NSF will develop more 
collaboratives to help us meet critical needs. 
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In recent years, changes in our society have produced changes in the direction and practices of 
education. We have become more sophisticated. We have adopted the principle of ethnic and 
gender equity. We expect all students to know more and to perform at higher levels. The growth of 
technology and its application in the mathematics and science classroom require that new teachers 
be computer literate and that they be adaptable to new technologies and techniques as they appear. 
Because we expect students to know more, we expect new teachers to know more and be prepared 
to learn more throughout their careers. Also, as we implement performance-based instruction, 
cooperative learning, and "hands-on/minds-on” strategies, teachers must be prepared with an 
expanded "bag of tricks" so they can deliver a 21st century curriculum. 



Walter G. Amprey has been Superintendent of Public Instruction of the Baltimore City Public Schools 
since 1991. From 1973 to 1991, he served in administrative positions in the Baltimore County Public 
Schools - associate superintendent for staff and community relations, associate superintendent for 
physical facilities, director of staff relations, and principal and assistant principal In 1966, Dr, Amprey 
began his career in education in the Baltimore City Public Schools as a social studies teacher then 
served from 1971 to 1973 as a school administrator. He holds a doctorate in education from Temple 
University, a masters degree in educational administration and supervision from Johns Hopkins 
University and a master’s degree in history/social science and a bachelor^ degree in history/secondary 
education from Morgan State University. Dr. Amprey was honored as Maryland Superintendent of the 
Year, 1994-95, and served as president of the Large City Schools Superintendents of US. and Canada, 
1995-96. Most recently. Dr. Amprey served with Reverend Jesse Jackson as facilitator of the 
Rainbow/P USH Coalition ’s Public Policy Education Conference, ’’Closing the Gap, ” in Chicago, Illinois. 
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Testimony to the NSF Undergraduate Review Subcommittee 



Eugene Galanter 

Professor of Psychology, Columbia University 
New York, New York 

Real improvement in science education (SME&T) at the baccalaureate level will require: a) 
revisions in instructor attitudes and interests; b) attention to multiple cognitive and motivational 
functions of students; c) revisions in standard modes of instruction; d) new evaluation procedures; 
e) augmentation of new technology; and finally f) serious longitudinal studies. I will attend mostly 
to items a - d. The last pair are technical issues that need attention by experts in these fields. 

To begin with, instructors (clearly not all) must recognize that students don't think science or math 
is much fiin. They are mainly forced into science by curricular or career path requirements, e.g., 
chemistry or biology for medicine, psychology for aspects of medicine or social or technical 
professions, and physics and math by those with self-recognized quantitative or computational 
skills for technical or scientific program management. Engineering students are self-selected for 
these skills, and comprise a less intense problem for engineering instructors. However, many of 
these students at research institutions are more interested in engineering science than real 
engineering. In my discipline (experimental psychology), students choose our introductory courses 
to satisfy (effortlessly they hope) a requirement, or to find a less demanding career with the cachet 
of science. They may then discover that some of the materials are daunting, or that the substantive 
materials barely speak to their interests. 

I attack the question of how to advance science education at the undergraduate level by asking 
several questions. First: how many students really want to take science in college? The answer is 
very few. Which sciences do the students take? Our data show that except for pre-meds, they opt 
for the easiest, the least quantitative, and the most descriptive. The third question: Do these 
sciences provide opportunities for such students to engage seriously in the technical world: The 
answer, I am afraid, is maybe not. The fourth question is: What can we do? And that constitutes 
the heart of my suggestions. These suggestions must be tempered by the enormous revolutionary 
events that are occurring now in our colleges and universities. My colleague, Eli Noam in the 
Columbia Business School, has just published an article mScience on the demise of the university 
as the mechanism by which information transfer occurs. His point is that, in the past, the user 
went to the source. Now the source is distributed to the user. So what does the user need our real 
estate for? The consequence is that this will engender enormous changes, changes in which 
instrumentality^ that we have never thought of as the educational base of our activities will 
become the instrumentality S by which information does flow to our consumers, if you will pardon 
that expression. 

Back to our primary topics. Once instructors recognize these default attitudes of students - 
requirements or jobs - they can often loosen-up the relentless drive to provide technical materials 
that span a broad spectrum. They must remember that their own initiation required many years of 
hard work. Part of the difficulty is a failure to notice that our students are taking other courses as 
well as our own. The demands on their time can create a climate of anticipated failure. I will say 
more about this phenomenon later. 
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Students have limited experience. The kinds of experiences they have are not connected to atomic 
structure, to spiral nebulae, et cetera. They are connected to why cant my grandfather remember 
things any more? How is it that (I have been told) still images on a television screen look as if they 
are really people moving around? What is virtual reality? How can athletes do the stuff they do, 
and so on. 

My own field of experimental psychology is useful for discussion because it covers an enormous 
class of phenomena, and also interlocks with biology, chemistry, and physics through 
neurosciences and psychophysics on one side, and the personal and social sciences on the other. As 
such it will serve to illustrate and informally substantiate my views on und^aduate SME&T in 
the large. To summarize the discussion to follow, I suggest that the paths to continuing progress in 
SME&T are: 

• increasing relevance 

• restructuring content 

• modularization 

• motivational design 

In order to make science attractive to students who are not yet career driven, but who may be 
drawn into a career choice by their college experiences, our offerings must hav^^elevance. This 
much-abused concept refers here to the ability of a course of study to raise and answer questions 
important to (the limited experience of) students. In the last ten years many curricular efforts have 
attempted to achieve this relevance, sometimes, unhappily, with a loss of precision. In my first 
attempt to make psychophysics an integral part of introductory psychology I opened with the 
question of how an airliner is guided to a safe landing during weather conditions that defeat direct 
visual control. Such tasks depend on translating visual codes into skilled action. In recent text 
materials^ topics in signal delectability theory center on issues of radiological diagnoses of breast 
cancer, and failure of memory in recognizing faces. Such questions engage the student with 
problems they can understand. If science informs the answer, relevance is insured. 

Are there enough relevant topics? Again in my own field consider a spectrum of subjects such as 
memory loss through aging or accident, virtual reality from apparent motion through full-fidelity 
simulations, individual differences in intelligence and other personal characteristics, cognitive 
development, social and political consequences of individual attitudes and prejudices, motor skills 
and athletics, sexual preferences and aversions, human error and its consequences; the list could 
continue to a score or more. 

We are restructuring the content of early science education in psychology to motivate interest and 
to offer rational and more importantly -plausible - ways to understand and solve real problems. I 
mean to do this by making data collection one of the centers of effort to confront the questions of 
fact and theory. Students who collect their own data as compared with students who do problems 
in a book own the data in a way that the book never provides. When they are really your reaction 
times to stimuli of various kinds, then you may say, ‘liey, can I respond faster to red or green.” 
Having those personal data becomes and intrinsic motivator that is critical to the continuing 
activities of the student. And so rather than follow some preferred sequence, including prerequisite 
course work, structure has been changed to show relevance. The tested retention of such 



* Eugene Galanter, Contemporary Psychophysics, in New Directions in Psychology, ed. by T. Newcomb. 
Holt, Rinehart and Winston, New York, 1962. 

^ Eugene Galanter, Pjyc/i Tech Notes V. 2.1 Adams ‘Bannister *Cox, 1994. 



information in our admittedly minimal current evaluations suggests enhancements suggest 
enhancements in understanding by a factor of six. 

A third advance in my own field, and extendible to other disciplines, is the tedique of 
modularization. This refers to the construction of independent sub-parts of a discipline along with 
its own auxiliary technical materials. Units of study do not need to be timed to coincide with rigid 
time frames. If we want to talk about memory and about lapses of memory, then, we could have a 
memory module, and that memory module might last for two lectures or four lectures or six 
lectures. It might include experiments to see how memory works, how it dissolves and disappears, 
et cetera. 

Our current NSF support has helped us develop a variety of stand-alone quantitative modules on 
topics in the human sciences from biology to sociology. We have modules of varying duration on 
human genetics, evolution, psychophysics and decision theory, space and motion perception, and 
social psychology. We plan to construct additional modules on cognitive mechanisms in perception 
and action, motor organization, language and thought, theories of memory, virtual reality, human 
engineering and ergonomics, psychmetrics, animal conditioning, learning and cognition, and 
quantitative sociology. 

Each of these units is supported by quantitative material that undergirds the topic. We do not 
demand prerequisites in, say, calculus, statistics, algebra, or probability theory. Rather, we 
incorporate the required techniques in the module itself. Any single module is studied for its 
nominal duration, which currently ranges from 4 to 14 fifty-minute lecture/labs. The ancient 
bookkeeping of academe proscribes such plans. Our modules currently fill the standard semester 
time scale, and are given in a ‘Vational" order. The ramifications of these historic constraints are 
reviewed later. 

Table 3,1: 



Theory of 
Intelligence 


Goal Orientation 


Confidence in 
Present Ability 


Behavior Pattern 


Entity Theory 


Performance Goal 


if High 


Mastery Oriented 


(IQ is fixed) 


gain positive judgments 
avoid negative 
judgments 


if Low 


seeks challenge, high 
persistence 

Helplessness 

avoid challenge, low 
persistence 


Incremental 


Learning Goal 


High or Low 


Mastery Oriented 


Theory 

(IQ is malleable) 


increase competence 




seek challenge, high 
persistence 



From Dweck, C. Motivational processes affecting \Q 2 immg. American Psychologist, October 
1986. 



In psychology the computer has become the required instrument for experimental research and field 
data tabulation. It is our microscope, centrifuge, accelerator, or telecope. Few institutions provide 
adequate access to these machines for undergraduate use. In my own department of fifteen tenured 
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faculty, our financially challenged administrfiion has recognized the importance of such 
investment, and has provided 16 machines for undergraduate labs. These sequestered 
microcomputers have made "open" labs possible. Only one graduate (or often an advanced 
undergraduate) supervisor is needed, and the lab is available to students in several courses on an 
essentially ad lib. basis. There areca. 600 undergraduates per semester in our course offerings, so 
the ratio is quite small. On the other hand only about 150 students need access to the machines. 
With increased curricular implementations, we anticipate that this 1:10 ratio will probably increase 
to 1:25, a figure that is probably close to optimum. As with any computer implementation, we are 
hampered by software limits. We have developed some experiments for use on our machines, and 
will be offering these materials on our Internet home page. 

Just as lab equipment (in our case microcomputers) is often in short supply, so also are teaching 
materials. In the modules we are developing, primary sources are the vehicle of choice for students 
to read. However, for many undergraduates it is often necessary to provide some intellectual 
resources that may not be part of their apperceptive mass. To this end we need texts that can 
provide explicatory material to permit students to engage the primary source scientific writings that 
have cast light on the central issues they study. We are trying to provide such texts in our 
curriculum development program, but as any teacher will recognize, this task is enormously 
difficult and time consuming. 

The limit imposed by academic bookkeeping prevents us from using new formats and methods 
creatively. With free standing modules on a variety of topics keyed to questions of obvious and 
direct importance, we need to allow students to select a group of such modules based on their own 
interests. If we intelligently metricize the credit value of each module, we can allow students to 
select from a menu of topics a personalzed subset for study during a standard academic time 
period. Students might be expected to take a variety of admixed modules, any combination of 
which would be accepted by a registrar for appropriate academic credit. In combination with newly 
designed evaluation procedures that we are currently exercising, the entire task of selection (i.e., 
advising), pedagogy, and credentialing could be simplified and packaged to minimize student 
anxiety and time constraints. These revisions have direct implications for various sorts of distance 
learning, and other forms of non-institution based education. 

The previous reference to evaluation needs expansion. In science education we have commonly 
used so-called objective test formats to evaluate student comprehension. Critics have charged that 
"constructive" tests better measure student knowledge. Indeed, this topic is quite curre?^tbut fails 
to recognize the cognitive continuum between, say, a true-false test and a constructive essay. We 
have developed several waypoints on this continuum, and is currently analyzing correlation 
between double blind scoring of quasi -constructive answers, and items on objective (four- 
alternative) examinations. Our preliminary findings support the view that the correlations are very 
high (ca. +.85). We score the objective tests by requiring students to eliminate incorrect answers. 
Originally we gave unit weight to each incorrect answer. Now we have installed our examinations 
on our Web page, and process the test data by more sophisticated statistics. We will shortly be able 
to differently weight the incorrect answers as “easier" or "harder," and in this fashion improve the 
ostensible validity of the score. Of course, all of these improvments are based on plausibility, and 
wait real longitudinal validation. 



^ Construction v^’. Choice in Cognitive Measurement, ed. by R. E. Bennett & W. C. Ward. LEA, 
Hillsdale, NJ, 1993. 
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Finally, the fourth topic - motivation - stands at the center of our efforts to bring science to those 
who are traditionally absent from the feast. Of the 186,013 baccalaureate degrees in science and 
engineering awarded in 1989, 9325 were awarded to blacki (the data are similar in structure for 
Hispanics and Native Americans). Roughly 5 percent of the students are drawn from 13 percent of 
the population. We characterize this as a motivational deficit, not an intellectual oife 

To attack this problem we must recognize the distinction between learning and performance. What 
we mean by the goals of learning are to increase confidence to act. What we mean by performance 
goals are to seek positive personal judgments. That is, performance means you have gotten such a 
good score on the test, or you have gotten such a bad score on the test. Either of those two can 
lead to problems down the road. When we can make clear that failure to learn is a natural part of 
learning, and if we ensure that the goals of learning are learning goals, then we may observe 
mastery after failure. There are now more than 50 studies that demonstrate that this is the case. 
We also believe that an entity theory of intellect can be replaced by an incremental theory, one 
where IQ is malleable. The format of our modules tries to accommodate these principles. 

We know that failure in performance goals leads to hopelessness and rejection of the intellectual 
content. We must examine how we frame our material so students understand that it is not their 
performance that counts, but rather their ability to grasp the issues and solve the problem. And if 
they cant solve the problem, then that failure is intrinsic to actively searching for more 
information. 

Let me conclude with some tangential remarks about how we might fix some parts of SME&T; in 
particular how some aspects of these revisions would work. Change would occur because students 
would do things. The teacher would say as little as possible. That is hard to implement. After all, 
because of my competence in language and delivery, I can amuse you, and it rewards me to see you 
smile, applaud, and so on. Teachers are mostly like that everywhere. However, the rewards to the 
teacher are mostly irrelevant to the student. What the student wants to know is how to do 
something, not to be told about something. In science, doing is everything. Ideas are cheap. It is 
work that is costly. We have concentrated too much on the transmission of ideas, and not enough 
on the transmission of effort, activity, and the way to do it. 

Unless we are proactive in respect of the changes that have to occur, we are going to be left in the 
dust. But there are things we have to know, e.g., whether any of these revisions have consequence. 
I can talk about students being happier, students getting better grades, students inviting others to 
join the course, et cetera. But if we dont know how many students go to the right jobs or 
whatever, then all of this is just talk. 

We need to plan major longitudinal studies to assess the consequences of science education. We 
must answer the hard questions: Do the things we are trying to do now have real consequences? 
To find such answers will require a coherent and well-organized research enterprise to see what 
happens 5, 10, and 15 years after these changes go into effect. In order to do this I think we must 
mount a federal enterprise with continuity in design and support. Management has to be 
administratively structured in such a way that students can be tracked into graduate school, the 
market place, and their later lives. Do we change from 3 percent entering technical work to 7 
percent because of the changes we make now or not? 



^ Adapted fvomNational Science Board, Science and Engineering Indicators, Tenth Ed., 1991 . 

^ Carol Dweck, Motivational processes affecting American Psychologist. October 1986. 
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Finally what about our input? What is K-12 science education today? We know that an enormous 
problem is the turnoff that has occurred in the middle and senior high schools in science. Now, 
attempts to rectify that by talking about imitation science - I dont mean that in any disparaging 
way - but things like nature studies and fanciful ecology are not going to increase our entry 
quality, because the first time these kids take a college course that is serious about these issues, 
they are going to have to look at population densities and distribution functions of animals, and 
genetic structures, and they will say, ‘hey, where is the ecology.” And we must answer it is in 
there somewhere, but we have to work to get to it. K-12 education, as you know, is run in a 
political environment that is essentially inviolate when it comes to attempts by people in collegiate 
education to impose anything. We have to suck them into it. We cant push it down. They will 
simply walk away. They may not have exactly the training that is needed to accommodate the 
materials we suggest they provide. In which case they are going to be very tough about saying, 
“well, I think the stuff I am teaching is much more important than what you are doing, and my kids 
love it, and they are doing very well, thank you, and furthermore 70 percent of the class got A^.” 
To reach the common schools will be a much harder job than getting our own act together. 



Professor Galanter received his Fh.D. from the University of Pennsylvania in 1953, and advanced from 
Instructor to Professor from 1952 to 1959. He was appointed a Research Fellow at Harvard from 1955 to 
1957. He was a Fellow at the Center for Advanced Study in the Behavioral Sciences^ 1958-59. His work 
with George A. Miller and Karl Pribram on a new cognitive psychology was published in 1960 as Plans 
and the Structure of Behavior Following his return from the Center, he began a collaboration that 
resulted in the three-volume Handbook of Mathematical Psychology published during 1963-65. He 
completed his Textbook of Elementary Psychol ogym 1966. In addition to these books, and his three 
popular books in the Kids and Computers published in 1982-84, he has contributed more than 100 
reports, journal articles, and book chapters in the fields of psychophysics, mathematical psychology, 
aviation psychology, and utility measurement. Professor Galanter was made Chair of the Department of 
Psychology at the University of Washington in 1962. In 1966 he went to Columbia University as Joseph 
Klingenstein Professor of Social Psychology and Race Relations. He was named Professor of Psychology 
and Director of the Psychophysics Laboratory in Columbia University in 1967. 
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Testimony Delivered to the National Science Foundation 
Review of Undergraduate Education Hearings on 
Employers Views on Desired Capabilities of 
Undergraduate Students Entering The Work Force 

Peggy Ruth Cole 

Director of Program Planning and Development, New York Hall of Science 
Flushing-Meadows Corona Park, New York 

Before coming to the New York Hall of Science 1 1 years ago, I was principal of an independent 
school in New York City, and before that a graduate faculty member of Bank Street College of 
Education, a teacher training institution also in New York City. I have 15 years of classroom 
teaching experience at both the elementary and secondary levels. 

While I will limit my examples to issues related to our particular science center, I am also speaking 
on behalf of the 300 science-technology centers around the country serving over 76 million annual 
visitors including children, families, school groups, and teachers. Informal science institutions 
offer training to 150,000 teachers annually. All these institutions have an informal approach to 
science, mathematics, and technology in common. Unlike schools, they are discretionary 
environments where visitors chose to come and select their experiences based on interest, 
attraction, and a variety of other factors. To quote the late Frank Oppenheimer, founder of the 
Exploratorium in San Francisco, "Nobody flunks a museum.” 

Science centers have the potential to improve the undergraduate preparation of new teachers. We 
have an externally evaluated program in operation for 9 years, which is a model for other science 
centers. Our Science Teacher Career Ladder, a program within our Science Career Ladder, 
serving mostly women and minority youth, involves cooperation among the science center, colleges 
and universities and schools. Together, we provide a support and training package which colleges 
and universities cannot supply alone. 

The program design is effective. A survey of almost 25 percent of our Career Ladder alumni 
showed that 34 percent of them are now teaching. And our record of attracting women and 
minorities to teaching is high. Of our Science Career Ladder alumni now teaching, 21 percent are 
African-American compared with a national average of 5 percent of current teachers; 14 percent 
are Asian compared with a national average of 1 percent; and 13 percent are Hispanic compared 
with a national average of 3 percent. 

How does the program work? We employ 40 high school and 60 college youth annually as our 
floor staff. They work part time in a science- and technology-rich environment, and receive both 
pay and school credit for the experience. 

Their job is to explain science to a broad public, from pre-schoolers through senior citizens. The 
stimuli for both Explainers and visitors are 170 hands-on interactive exhibits, ten on-floor 
demonstrations, and science activities delivered through workshops and special events. Our youth 
staff learn science and they learn how to teach science in an environment free from grades and 
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exams, but rich with science phenomena. As a result, many discover both an interest in science 
and pleasure in sharing it with others. Consequently, thanajority decides to become teachers. 

These students have, on the whole, come through a school system that teaches science through the 
traditional avenues of textbooks, lecture/demonstrations, and structured laboratory experiences 
with a reward system centered on high grades. Most never see the real-world application of 
science and math and they rarely get to meet and interact with people who work in these fields 
while they are still in decision making positions that will effect their entire futures. The result, as 
we all know, is an early turnoff to math and science by the very population of women and 
minorities that will, by the year 2000, be the majority entering the workforce. 

The Science Career Ladder is almost 10 years old. It has been a model for 12 other science centers 
around the country that have adapted aspects of the program. In the past decade we have worked 
with 20 colleges and universities and 14 local high schools. Almost without exception, we have 
been able to develop meaningful partnerships with Cooperative Education Departments who do not 
offer content course credit. In some cases we have developed relationships with Schools of 
Education but rarely with departments of academic science: physics, biology, chemistry, etc. The 
culture of undergraduate institutions is curriculum driven, departmentally structured, grade 
oriented - formal. The culture of science centers is content driven, discretionary, intergenerational, 
exploratory, visitor driven - informal. We are working hard to bridge this gap and to help colleges 
see our program as relevant and meaningful to their enterprise, but the academic structure that 
informs course development and credit makes it very hard. 

As employers of youth, in a rapidly expanding industry, with a significant shortage of well-trained 
minority youth, we have learned to “grow our own.” We identify women and minority youth who 
traditionally are not represented in science and technology fields, and offer them science-related 
employment to both serve our public and to prepare them for the workforce. And we are 
succeeding. In addition to producing science teachers, the 1994 survey showed that 9 percent are 
working in museums, and 15 percent are working in science and technology fields. The majority of 
our Career Ladder alumni are African American, Latino, or Asian, and the minority of white 
students includes recently immigrated ethnic groups. They are poor, often first generation college 
students. 

What are the workplace literacy skills we are developing in our youth staff? Because these 
positions are authentic, paid, and essential to the functioning of the museum, our demands are 
those of any other employer. We expect punctuality, responsibility, appropriate dress and 
professional demeanor, teamwork, the ability to meet performance standards, and above all, 
knowledge of science. We pay for training and we expect students to learn the science needed to 
work with the public. 

The science content we teach is directly related to our permanent, temporary and traveling 
exhibitions, and school and public programs. Interpreting our 170 permanent exhibitions demands 
a knowledge of anatomy, psychology of perception, optics, wave theory, resonance, atomic 
structures, physics of light and color, feedback systems, quantum physics, audio-technology, 
microbiology and chemistry. Delivering programs and interpreting traveling and temporary exhibits 
involves knowledge of astronomy, information technology navigation, earth science, 
manufacturing technology, architecture, and the biology of AIDS. We also expect our youth staff 
to use instruments from scanning electronic microscopes to a functioning steam engine. Students 



• 164 # 




tell us the skills they need to work at the New York Hall of Science test and exercise what they 
learn in the university in new and more interesting ways. 

Career Ladder participants learn questioning techniques, how to adapt demonstrations for 
kindergartners and high school seniors, how to present the same content in different ways to meet 
different learning styles, how to use manipulatives to illustrate principles, how to attract and keep 
attention, and how to control large groups. Our Preschool Science Place is a laboratory for 
learning about early childhood development and how to work with very young children and their 
caretakers. Unlike traditional undergraduate pre -service students who get one or two student 
teaching placements, our Science Career Ladder participants interact with students at every grade 
level from preschool through graduate school, students with disabilities and learning problems, 
students who are intellectually gifted, and everyone in between. Many Career Ladder participants 
discover an affinity with a particular grade level or learning style as a result of their experiences at 
the Hall of Science. Our Career Ladder students get to observe teachers handling groups on class 
trips and they form ideas about teachers and teaching from a perspective unavailable in any other 
setting. 

Some schools of Education offer field credit for the experienqeone or two offer student teaching 
credit. Our experienced pre-service Career Ladder students work in our teacher training programs, 
interacting with classroom teachers as museum staff. But most importantly, our students are 
rewarded for exploration, discovery inquiry, experimentation, flexibility; the very attributes 
essential for good science teaching and learning and, unhappily rarely modeled in high schools and 
colleges. 

In sum, the Science Career Ladder and similar programs around the country, are providing 
students with workplace skills and science, technology and math know-how within informal 
settings that supplement and enhance undergraduate education. The evidence is rapidly 
accumulating and it indicates that work experiences explaining science in an informal setting have 
a positive impact on career choice, science knowledge, and a sense of self-confidence and self 
esteem. 

The major obstacle science centers face is neither designing nor implementing successful work- 
study programs for undergraduates. It is, rather, convincing the formal education community that 
experiences provided by science centers are legitimate and valuable ways to provide young people 
with skills, motivation, and know-how in science, mathematics and technology. At the moment, 
science center staff are included in reform efforts as advisors, committee members, and 
representatives of community-based organizations. But they are not taken seriously as an integral 
part of undergraduate teacher preparation despite the advantages I have just described. 

These hearing are designed to help you assess what further needs and opportunities we see in 
undergraduate education reform. I would strongly recommend a National Science Foundation 
program that provides major funding for a few model programs which, like our Science Career 
Ladder, offer undergraduates carefully constructed, content rich experiences in informal science 
centers. If requirements for successful proposals included: 1) academic credit in the disciplines for 
participants; 2) college level administrative commitment to such programs; and 3) a planning team 
of college and science center staff; we could show the formal education community ways they 
might work with the informal science community to reach our mutual goals, which are the 
preparation and employment of a scientifically literate, and science- and technology-oriented 
workforce. 
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Peggy Ruth Cole is a senior staff member at the New York Hall of Science responsible for the planning 
and implementation of new programs and for the development department and its fundraising activities. 
She is the founder of the Science Career Ladder, the signature, minority access education program of the 
New York Hall of Science which is replicated nationally. Before joining the Hall, Dr. Cole was special 
project coordinator at the Chrysler Museum in NorfoL4 , Virginia and the conceptual advisor to the 
Staten Island Children's Museum's exhibition, " Once Upon An Island." She was Principal of the 
Fieldston Lower School in New York City from J98JH983. Prior to this, for 12 years. Dr. Cole was a 
graduate faculty member of the Bank Street College of Education in New York City. She serves on the 
editorial board of Curator, the journal of the American Museum of Natural History. Dr. Cole is 
nationally active as a reviewer, author, and speaker in the field. 
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Math, Science, and Technology Undergraduate Education in 
America: One Small Business Perspective 



Israel Joseph Galvan 

President, GHG Corporation 
Houston, TX 



Introduction 

These are the personal views of one small business owner deeply involved in current and emerging 
technologies. However, I wish to emphasize that I claim no special expertise on education. 

My name is Israel Joseph Galvan and I am President of GHG Corporation, a computer systems 
engineering company based in Houston, Texas. We have been in business since 1979 and employ 
about 200 people. 

Criticism of the American educational system comes from a variety of directions. It has increased 
in volume and intensity and, worse, it has become a permanent issue in every political campaign. 
Whether the fundamental role and purpose of a university education is in need of a serious national 
debate is problematical. However, there appears to be some confusion and lack of a unifying 
principle in our educational system— a lack of clarity. 

Arguably, the last serious debate on the role of the university occurred in the 1930's between the 
camps of Robert Maynard Hutchins, the traditionalist, and John Dewey, the progressive. These 
two giants proposed ideas that were fundamentally different, but their views were clear and 
unambiguous. Hutchins believed that the university should be a community of scholars, a place to 
train the intellect and to transmit a Great Tradition of culture. Dewey saw education as an 
experience and a process for coming to grips with and solving real world problems, a bridge 
between school and society. Hutchins opposed professional schools; Dewey embraced them. It is 
safe to say that a hybrid of Dewey's ideas won. 

As it should be in any democracy, the debate on the nature and function of higher education 
continues, but the current issues are not as fundamental. The debate is less on the role and more on 
quality, efficiency, and economics. It is centered principally on delivery and implementation issues. 
The core of contemporary criticisms, I believe, validates our present educational system. Our 
educational system is sound. It is only in need of minor adjustments. Yet there are some aspects of 
our educational system that do require further clarification. 

What is the role of our educational system in training our work force, as opposed to educating our 
work force? What is the role of our community college system? What is the relationship between 
our university system and our community college system? 

These questions are beyond my simple musings. Contrasted to the complex problems visited on our 
educational system, I fear that this modest presentation may be too narrow and parochial. My 
intent is to simply share the personal observations and views of a small "high-tech" firm. 
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The Environment 

The world is undergoing a transformation not seen since the Industrial Revolution, but at an 
increasingly faster rate. The time from idea to development to implementation has virtually 
disappeared. The forces driving this change began in the early 1960^ and were not anticipated. 
Our finest research institutions and our finest minds thought that the 1960^ were going to be the 
decade of nuclear energy. It was going to satisfy our every need for energy. Energy was going to be 
so cheap it would not have to be metered. 

They were wrong, of course; it turned out to be the decade of the computer, with IBM as its 
corporate manifestation. For most of the next two decades, IBM became the corporate model for 
the world, emulated for its technical and business innovation. Little did we know that the heart of 
IBM’s computer, the Central Processing Unit (CPU), consisting of a dozen circuit boards, would 
be replaced by another CPU the size of a dime. Driven by this new CPU, which is embedded in 
every facet of our lives, including our psyche, our world and our perceptions of that world 
changed, and continue to change before our very eyes. It has created, and is continuing to create, 
new industries. It has changed, and continues to change, existing industries. It has transformed, and 
is continuing to transform, every sector of our economy. It has eliminated, and is eliminating, jobs; 
created, and is creating, new Jobs; and is contributing significantly to our country's anxieties and 
sense of uncertainty. Indeed, even IBM feels threatened. It is threatening the classic American 
corporate model and creating new ones. It has empowered the technician and the small business. 

Much has been written and said about the economic importance and significance of the small 
business community. Small businesses: 

• provided virtually all of the net new Jobs from 1987 to 1992; 

• were 99.7 percent of all employers in 1992; 

• employed 53 percent of the private work force in 1992; and 

• are the source of considerable innovation. 

So says the U.S. Small Business Administration. And yet most of our national educational and 
economic policies do not reflect the uniqueness, diversity, and role of small business in the current 
transformation. 

These are fast changing times; these are exciting times; and these are perilous times. However, 
there appears to be one universal constant: "Knowledge is Power.” For the present, this verity 
could possibly be restated "Mathematical, Scientific, and Technical Knowledge are Power.” And it 
is the role of our educational system and this board to insure that all Americans are armed with this 
knowledge. Of course, nothing much is at stake, except the economic well being of this country. 

Small businesses, especially "high-tech" ones, live, operate, succeed, and fail in this environment. 
Most small businesses share common problems and concerns, but "high-tech" small businesses, I 
believe, have a number of unique concerns and problems intimately tied to undergraduate science, 
mathematics, and engineering education. Generally, the small business community has very little 
direct contact with the university community, except as a source of talent. In the university 
research and development world, cooperative agreements and sponsored research is the exclusive 
domain of the large corporation. The overhead cost of a typical university is daunting to any small 
business wishing to fund a research project. 
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The Real World 



Recently, a colleague said that the three most important concerns of his business were: capital, 
capital, and capital. Hyperbole not withstanding, capital is always a problem, but equally 
important is good management and good people. This, of course, is true for any business, small or 
large. We both face a rapid and sustained force of technological change, and a diminishing life 
expectancy and relevancy of particular skills. It is challenging our abilities to maintain our skill 
base tuned to this change. 

Unlike the large, well financed corporation, the small "high-tech" business has minimal redundancy 
in its skill base and less resources to keep that skill base continuously trained. The loss of a key 
employee can be devastating. Thus the recruitment, retention, and continuing training of a quality 
work force, while always important, has become critical. In this highly competitive market place, 
we can not afford to lose employees, lose our sense of unity, or disrupt the "team." We can not 
afford to treat employees as expendable commodities. We have to nurture them, train them, in 
short, value them. This is not without a significant financial burden and increasing pressure to 
make tough management decisions. Yet, we must remain competitive. We are still subject to all of 
the forces of a competitive market place: being raided by highly skilled professional recruitment 
agencies, market demands for increasingly narrow job descriptions, competitive compensation 
packages, and the bottom line. 

For example, it is not unusual for us to have to pull a highly skilled computer scientist from a 
revenue generating project in order to send him or her to an expensive short course on some very 
specific emerging and proprietary technology. An alternative is to establish an internal training 
program with our own courses and instructors, and we have. But this is very expensive. Another 
option is to lay off employees when their substantial skills are not considered adequate for more 
narrowly defined skills. To retain a competitive posture, we are forced to make decisions at odds 
with our sense of fairness, our sense of community with our employees, and the long-term health of 
the firm. However, survival is basic and immediate. Though necessary, it is no longer sufficient to 
have a solid education in a particular technical discipline thus demonstrating a compelling need 
for the development, implementation, and delivery of continuing education programs that keep pace 
with the changing technical environment. 

This fact is equally true in non-degree technical fields. For example, the transition from 
mainframes to distributed workstations is abolishing the need for the traditional computer operator 
and other affiliated paraprofessionals. This same transition is creating new jobs such as local area 
network (LAN) administrators, managers, and other related jobs. However, instead of training the 
current work force, businesses are replacing them. 

We expect recent college graduates to arrive at the work place fully armed and ready to contribute 
to the bottom line. Perhaps our expectations are misplaced. Perhaps it is the role of the business 
community to provide the necessary training. Additionally, it appears that recent college graduates 
generally lack practical, immediate skills; skills demanded by current market forces; skills such as 
being able to work in teams, being familiar with current technologies, and a fundamental 
understanding of systems engineering are glaring examples. Unfamiliarity with working in teams 
and with current technologies and systems thinking may be a manifestation of dated curriculums. 
The currency of detailed technical skills is important, but graduates also lack fundamental skills. 
Skills with the written and spoken language are deteriorating. In fact, it has become a cliche that 
scientists and engineers can not write. This paper is probably a good example. 
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In summary, the most glaring deficiencies in Math, Science, and Technology Undergraduate 
Education that I have observed are: 

• Lack of team skills in recent recruits; 

• Lack of communication skills, both oral and written; 

• Lack of a dynamic and current curriculum and continuing education program; and 

• Inability of small businesses to access the applied research and development 
capabilities of our educational system. 

Modest Recommendations 

The National Science Foundation should promote greater participation between the Small Business 
community and our educational institutions. More specifically, the Foundation should: 

• Encourage the development of curricula allowing undergraduates to work on more 
relevant project^ projects that require multiple disciplines and an integrated team 
effort. This will allow them to experience a project through its entire life cycle. This 
will encourage teamwork, systems thinking, and significant practice in the 
development of their oral and writing skills. 

• Encourage the continuous improvement and relevancy of the curricula. 

• Encourage the development of a better, more relevant, and more accessible continuing 
education program. This program should be made available to non-degree technical 
people^ post graduates, and even post doctoral students. Considerations should be 
given for small businesses to consult in the development of such a continuing program. 
In addition, small businesses should be considered in its implementation and delivery. 

• Encourage an active partnership between small business and our university system. 
Undergraduates should be encouraged and allowed to work on small business 
sponsored projects and receive credit. 

• Encourage and sponsor more relevant and applied research projects at the 
undergraduate and masters level. The small business community should be allowed 
and encouraged to participate, share cost, and benefit from the research. 

• Encourage the small business community to sponsor application research without the 
burden of the educational institution's overhead. Perhaps, the Foundation could make 
overhead moneys available to the university community if they could match it with 
appropriate direct cost moneys. 

• Finally, the Foundation should encourage the small business community to work more 
closely with the Community College System in the development of curricula more 
efficacious to small business and to the paraprofessional. 

IsraelJ. Galvan graduated Cum Laude from the University of Houston's Cullen College of Engineering 
in 1973; receiving a Bachelor of Science Degree in Electrical Engineering. He is a member of the 
Electrical Engineering Honor Society: received a NASA Space Act Award 1991, received an Honor 
Award from the Central Intelligence Agency and the Directorate of Science and Technology in May 1996. 

In 1973, he joined IBM as a product development engineer. He worked on a variety of applications 
research and product prototype projects. He assisted IBM in establishing a manufacturing plant in Milan, 
Italy. He began his own company, GHG Corporation, in 1979 as a systems integration company. 
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Introduction 

We applaud NSF for having these hearings and for focusing on undergraduate science, math, 
engineering, and technology (SME&T) education. Significant change in how we educate in these 
critical areas is required, and NSF is uniquely positioned to take the leadership in encouraging this 
change. NSF is the Federal agency looked to by the Academy as having the general health of 
higher education as its focus, without the encumbrance of specific, narrowly defined missions, such 
as the Departments of Defense, Health, or Commerce. 

The organization for this presentation is: 

1 . The Environment and Why it Requires Change in Undergraduate SME&T Education 

2. The Characteristics Required of Graduates to Succeed in This Environment 

3. The Kind of Undergraduate Education for There to be Such Graduates 

4. Specific Programs to Move Towards These Kinds of Undergraduate Experiences 

5. The Environment and Why it Requires Change in Undergraduate SME&T Education 

The Environment and Why it Requires Change in Undergraduate SME&T 
Education 

Our society is radically different from the one in which the current educational system developed. 
Changes in our world have had a major impact on our sense of what students need to learn and 
how the learning should be delivered to them. Increasingly, we are recognizing that mastering a 
body of knowledge is simply not enough. Students must acquire lifetime skills, such as critical 
thinking, quantitative reasoning, effective communications, along with such abilities as finding 
needed information and interacting well with others. We want graduates who have the capacity to 
learn not who know everything. 

Some institutions are rethinking and redesigning their curricula to reflect the shift from teaching 
content to enabling students to develop life-long learning skills. Some faculty understands the 
implications of the information explosion and has re-engineered their courses accordingly. 

An important, and not so subtle, change has been a shift from life-long job security to a more 
realistic hope for career security. This shift is not greatly appreciated because it places 
responsibility on employees to manage their careei;s and to continue learning in order to avoid 
technological obsolescence. 
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Today's worker has to learn to survive and thrive in a world that is globally interdependent. 
Workers must be able to operate and communicate cross-functionally, cross-culturally and across 
geography. 

Teamwork, group problem solving and collaboration characterize todays high-performance 
workplace. Learning in industry shifts from the classroom to peers and teams. Knowledge 
creation shifts from the individual to the organization where problem solving and decision-making 
skills are important components. 

Characteristics Required of Graduates to Succeed in this Environment 

This environment requires that all graduates have skills for continued learning. Workers must 
assume responsibility for managing their careers, for continuous upgrading of their skills and 
acquisition of new skills in order to be prepared for emerging opportunities. Managing one's career 
in this way is the way to guarantee career security— to position oneself to have a career for as long 
as one wants to work. The onus is on the individual. 

To prepare students to be productively employed for life in science, math, engineering and 
technology, the undergraduate experience must consist of a solid foundation in mathematics and 
science fundamentals. 

They must have an understanding of the modem, rapidly changing, high-performance workplace 
and knowledge of what is required to succeed and thrive in such a workplace. 

They must have the flexibility to expect and embrace change throughout their careers, skills for 
and the commitment to working in teams, cutting across vastly different areas of expertise whether 
it is development, manufacturing, marketing, or whether it is with other people from around the 
globe. 

Workers must have an appreciation for the global interdependence of our communities and have 
the ability to work across geographies. In particular, students planning for careers in science, 
math, engineering, and technology must be prepared to understand the business and social 
implications of the activities in which they will be engaged. 

The Kind of Undergraduate Education for There to be Such Graduates 

To prepare graduates, who have the above skills, schools must drastically change the 
undergraduate educational enterprise, especially in SME&T education. 

An expectation of all undergraduates in the next millennium must be basic science and technology 
literacy, regardless of area of concentration. Information technology will increasingly impact our 
lives as citizens, voters, politicians, and parents. Without an understanding of issues arising from 
science and technology, it will be difficult to be a fiilly functioning member of a democracy 
dominated by technology and public understanding of science and technology will remain very low. 

K-12 teachers must have better preparation in SME&T. K-12 teachers who are science, math, 
technology-illiterate, will not be able to encourage students to consider careers where SME&T 
skills are needed. 
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A much higher percentage of our populace must understand science, math, engineering, and 
technology to be successful in the workplace, and hence, to lead financially secure lives. For this 
reason, ways must be found to make SME&T education interesting and attractive for a much 
broader cross-section of our populace. 

To make education interesting and attractive requires a shift to student-centered learning 
environments in which the faculty are guides, in contrast to the current, largely mass production, 
teacher-centered ones, in which the faculty are lecturers imparting information. Someone said it 
requires a shift from the sage on stage to the guide at your side. 

It requires faculty who are knowledgeable of careers outside the academic world so that they can 
make their courses more relevant and advise students of career opportunities using SME&T 
knowledge in jobs that are not closely aligned with the narrow interests of most faculty. 

Acquisition and application of a better understanding of the learning process and of different 
learning styles is required, especially those which may be the prevalent styles of segments of our 
society which have not traditionally been attracted into mathematical, scientific, and technological 
careers. We know a lot about how people learn, but too few faculty, especially in science and 
engineering, are using the results of research on learning in their courses. The knowledge is there, 
but our faculty does not use that knowledge. 

Individualizing education will lead to much heavier reliance on current and shortly forthcoming 
technology, enabling learning experiences to be delivered on the learner's demand across space and 
time (just-in-time, anytime, any place learning). Faculty must become proficient at using the 
technology for education. They must have both the willingness and commitment to use technology 
and also the support and time from the university for professional development. 

Undergraduate education programs must find and apply ways to impart basic written, visual and 
oral communication skills and skills in working in teams. In addition, students aiming for science, 
math, engineering careers need to learn about business and societal issues to be able to understand 
implications of decisions they make. 

At a Hewlett-Packard sponsored conference in October, 1995, attended by 18 faculty involved in 
SME&T education, the topic of appropriate characteristics of institutions of higher learning in the 
year 2000 was discussed and debated. The conclusion of this group was that the college or 
university of five years from now must be learner-centered and include the following: 

• Anytime, anyplace access 

• Collaborative learning and problem solving 

• Support for life-long learning 

• Significantly improved learning outcomes 

• Equity, access and success across all populations; and 

• Economic viability and globally competitiveness 

They also concluded that this requires a very different kind of academic environment: one, which 
has agile and change-oriented institutions. One which applies and integrates appropriate 
technologies, exhibits cooperation and resource-sharing among government, industrial, and other 
educational institutions, disseminates and applies best practices from elsewhere, effectively 
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evaluates the results of its activities, and has a faculty reward structure which encourages these 
activities. 

We absolutely agree with these conclusions. 

Specific Programs to Move us Towards These Kinds of Undergraduate 
Programs 

The discussion above indicates where the focus of Federal programs should be, and they should be 
designed to move as quickly as possible to the academic environment outlined above. 

To reinvent institutions to be more agile and change oriented those individuals within the 
institution who are change agents should be supported and rewarded. For example, a program of 
summer grants and awards to faculty for significant curricular development, application of best 
practices into their behavior, etc., could be developed. 

To encourage use of technologies, infrastructure for learner-centered anytime, anyplace activities 
could be mounted. Faculty at the HP October 1995, workshop recommended leveraging funding 
by requiring matching funds from the institution. Faculty saw this as a way to get institutional 
commitment and begin to institutionalize successful programs. NSF might also require institutions 
to state how they intend to sustain funded programs through operating expenses or endowments for 
technology upgrades and enhancements. 

To enhance collaboration, NSF might fund faculty time to work with industry to transfer insights 
from the corporate world to the academy. Much of the breakthrough research today is coming out 
of industry, and faculty would benefit from the experience. Similarly, encourage faculty to work 
with K - 12 teachers with, for example, summer funding to increase the number of high school 
graduates ready to pursue the undergraduate experience. 

Faculty who attended the HP workshop ranked new models of collaboration — among institutions, 
commercial-industrial collaboration, as well as collaboration with government - among their 
highest priorities. They also felt it was important to launch some grand experimentsespecially 
grand experiments with multi-campus involvement. To disseminate best practices, NSF could fund 
centers for accumulating and distributing best practices much in the model of the Synthesis 
coalitions' NEEDS project, which is funded by NSF. 

To develop and apply evaluation methods, NSF could fund research into evaluation of program 
design to enhance learning, especially learning in populations previously under-represented in 
SME&T programs. 

To encourage modified faculty reward structures, NSF might consider awarding summer grants to 
faculty and administrators to create alternative ways to recognize faculty involved in educational 
innovation. Finally, on this point, NSF has special leverage with its research programs and could 
require descriptions from institutions as to the steps the institutions are taking to modify their 
faculty reward structure as a condition of (or at least as a significant factor in) the award of a 
research grant. 
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Conclusion 



Thank you for the opportunity to appear today. Our environment mandates changes in SME&T 
education if we are to produce graduates who can succeed in today's rapidly changing information 
society. We applaud your interests and believe your focus can have a unique and positive 
influence on American higher education. 



Alfred L. Moye became Hewlett-Packard's Director of University Affairs in May 1996. He leads HP's 
worldwide interaction with key universities, including the company's ongoing programs in such areas as 
research, recruiting, marketing, training grants and public advocacy. In addition, because of the crucial 
role of universities in developing skills and technologies needed to improve national competitiveness. Dr. 
Moye leads the formulation and communication of HP's views on U.S. policies for technology and higher 
education. He was previously Manager of Engineering Education Performance Technology at Hewlett- 
Packard. Prior to joining HP in April 1984, Dr. Moye was national educational sales manager and 
director of the Atari Institute for Education Research He was also vice president for academic affairs at 
Roosevelt University, Chicago, and vice chancellor for student affairs and associate professor of 
chemistry at the University of Pittsburgh. During the Carter Administration he served as deputy assistant 
secretary for higher and continuing education He has published an organic chemistry laboratory text and 
has authored several articles in chemistry and chemical education journals. He is an officer of the Board 
of Trustees of West Virginia Wesleyan College and the National Technological University, and a member 
of the Board of Visitors, Faculty of Arts and Sciences, University of Pittsburgh. He was recently elected 
to the Board of Trustees of the University of Pittsburgh. Dr. Moye received his B.S. degree from West 
Virginia Wesleyan College and his Ph.D. from the University of Pittsburgh, both in chemistry. He is also 
recipient of five honorary doctorates. 

From January 1990 until his retirement in 1996, Robert W. Ritchie served as the first Director of 
University Affairs at Hewlett-Packard Company. He led HP^ worldwide interaction with higher 
education, including the company^ on-going programs in such areas as research, recruiting, marketing, 
training, grants and public advocacy. Prior to becoming Director or University Affairs, Dr. Ritchie was 
Director of the Computer Systems Center in HP Laboratories from 1988 through 1989. From Science 
Laboratory of Xerox Corporation^ Palo Alto Research Center. From 1962 to 1983, he was on the 
faculty of the University of Washington, first in mathematics and, subsequently, computer science. He 
formed the Department of Computer Science there in 1966, was its first chair, and then chaired the 
department again from 1977 to 1983, helping it achieve its current rating among the top ten in the 
country. While at the university, Dr. Ritchie also served as Associate Graduate Dean and Vice Provost of 
the University. From 1960 until joining the faculty at the University of Washington, he was John Wesley 
Young Research Instructor in Mathematics at Dartmouth College. He has served as the chair of the 
Committee on New Areas in Applied Mathematics of the Conference Board of Mathematical Sciences, 
chair of the Computing Research Board, and co-chair of NSF Workshop on Quality in Engineering 
Education. 
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Enhancing Engineering and Manufacturing Education: 

Industry Needs, Industry Roles ^ 

John H. McMasters 

Senior Principal Engineer, Aerodynamics Engineering 
Boeing Commercial Airplane Group 
Seattle, Washington 

James D. Lang 

Director of the Technology Division, New Aircraft and Missile Products 
McDonnell Douglas Aerospace 
St. Louis, Missouri 

The problem of how to provide quality-engineering education (as contrasted with training) in our 
universities, and the appropriate role of industry in this endeavor, has been a topic of controversy 
and debate for decades. Ever since the proliferation of research-oriented universities began in the 
early 1960 s, a widening gulf has been developing between our colleges of engineering and the 
industries they support. It has become increasingly clear to those of us with an interest in industry- 
university interactions and recruiting that the curricula in most of the major universities in this 
country are now badly out of balance, with a too heavy emphasis on engineering science (analysis) 
and competition at the expense of design (creative synthesis), manufacturing and cooperative 
learning (teamwork). Despite an increasing number of recent refreshing signs of change, the 
current under-emphasis on the quality of undergraduate education is further cause for major 
concern with respect to the impact this may have on the overall competitiveness of our future 
industrial technical workforce. Of particular concern is the inadequate exposure to manufacturing 
issues given to most undergraduate engineering students. Design (engineering) and manufacturing 
are inextricably bound together in modem industrial practice, and this fact generally is not reflected 
in current engineering education programs in the majority of our research oriented universities. 
This situation poses a significant long-range problem for industry in this country unless sustained, 
cooperative actions are taken to restmcture and rationalize the present system. Furthermore, 
industry needs a greatly increased level of continuing education and training, much of which could 
be provided by developing strong and continuous linkages with our universities and community 
colleges. 



**Poor ... education wastes human potential If schools are sound... [students] will 
graduate with the knowledge, skills and motivation to help further build our nation, 
and with the foundation needed to help them enjoy full and productive lives. 

Frank Shrontz 

CEO, The Boeing Company 



^ Presented at the 1995 American Society for Engineering Education Annual Conference and Exposition, 
Anaheim, CA June 25-28, 1995 
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